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Widely-spaced malleable props, such as rounded walnut shells, prop- 
ping a fracture in a hard homogeneous formation with 


high overburden pressure. 


No prop is used in an acid-soluble, heterogeneous forma- 
tion. Retarded Acid etches formation, leaving less soluble 


portions as prop 


Sand fully packed into a fracture in a homogeneous formation with 
low permeability and moderate overburden pressure. 


4 Closely-spaced malleable props, such as aluminum pellets, 
propping a fracture in a medium-hard to soft homogeneous 


formation with high overburden pressure 


fracture conductivity tests help operators 


select most profitable stimulation treatments 


For more than a year, Dowell 
laboratories have been measuring 
and compiling data on flow capaci- 
various for- 
mations. The effects of different 
fracturing fluids and propping 
agents on fracture conductivity are 
compared. The illustrations here 


ties of fractures in 


show four examples of fracture 
props that are frequently checked. 

Flow capacity data from these 
tests — plus other pertinent well in- 
formation —are interpreted through 
the Frac Guide* by Dowell engi- 
neers to help design the most profit- 
able fracturing treatments for you. 

In many cases, operators have 
realized much faster payouts than 


had been recognized as normal for 
a field. In some instances, Dowell 
has helped operators avoid many 
unprofitable jobs. In most cases, 
average profits have been increased 
over previously accepted norms. 

In designing a stimulation 
treatment, it is best to test actual 
cores from your well. However, if 
cores are not available, cuttings can 
often be used. These cuttings are 
compared for similarity with the 
numerous cores already tested and 
cataloged by Dowell. 

Ask your Dowell representa- 
tive for a free copy of the new 
“Technical Report on Fracture 
Conductivity.” It deals with such 


factors as size, type and amount of 
propping agent, hardness of forma- 
tion and overburden pressure. 

The fracture conductivity test- 
ing program is another important 
step in Dowell’s continuing research 
and service program to help you 
make more profits. Dowell services 
and products are offered in North 
and South America, Europe and 
North Africa. Dowell, Tulsa 1, 
Oklahoma. 
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highlights and footnotes of the news 


Wholesale oil product posted prices de- 
Clined to $53. 3.92/bbl in April, off from 
$3.98/bbl in March, according to Indepen- 
dent Petroleum Association of America. 
Crude price averages remained about the 
Same, reducing refining margins by 6¢. Pro- 
duct prices in April 1960 were $3.74/bbl. 





Pemex agreed to restrict petroleum and 
petroleum products moving through Browns- 
ville, Texas, to 30,000 b/d. Since Mexican 
oil is exempt from import control, imports 
through Brownsville had been increasing 
rapidly. It reached a peak in mid-April of 
more than 50,000 b/d. 


Firms that imported more than a million 
barrels of residual fuel oil the first 
quarter are: Jersey 17,253 (all figures in 
1000 bbl), Texaco 9151, Hess 6445, Shell 
3590, Standard Indiana 3590, C. H. Sprague 
& Son 3558, Metropolitan Petroleum (Pitts- 
ton) 3520, Standard Kentucky 1832, New 
England Petroleum 1411, White Fuel 1269, 
Signal 1177. 


A Federal Helium-Research Center was 
established at Amarillo, Texas, to permit 
intensive studies of characteristics and 
possible new uses of lightweight non-flam- 
mable gas. Operated by U.S. Bureau of Mines, 
it will be supervised by Dr. L. Warren 
Brandt. Secretary of Interior Udall said 
helium studies were emphasized because of 
its increasing importance to space-age 
technology and to electronics. 














ENCO, Humble's new brand name launched 
first in in California, will be usedforallits 
gasolines sold through service stations in 
20 western and midwestern states and for 
many other products. The name is from ENergy 
COmpany. In states served by the former Hum- 
ble, Carter, Oklahoma, and Pate companies, 
the new Humble was marketing 12 different 
brands of gasoline. 
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The USSR's efforts to disrupt interna- 
tional oil operation is described ina book- 
let prepared by Library of Congress for 
Senator Eastland'’s Internal Security Sub- 
committee. It notes that the Soviet sold oil 
to Argentina for $1.60/bbl but demanded from 
Poland — same time, same oil — $2.87/bbl. 
(Our first warning of Soviet competition 
was in July, 1958 issue. ) 


Congressman Macdonald (D-Mass) has intro- 
duced a bill that takes from federal control 
all natural gas producers who market less 
than 2 billion cu ft/yr (about 5% million cu 
ft/d). It would be easier for FPC to control 
the 270 producers left. There would be less 
pressure to arrive at a sensible solution, 
less kickback if producers got squeezed a 
bit more. If it is good to Set small producers 
free, why not large ones? 





Conoco was charged with ananti-trust suit 
by Justice Department because in 1959 it ac- 
quired Malco Refineries, Roswell. Conoco, 
which has operated in New Mexico more than 
80 years stated, it was assured by legal 
counsel the action did not violate any law. 








Pipelines move 43% of petroleum output, 
according to Transportation Association of 
America. Other carrier modes are: Water 
29%, highway 25%, and rail 3%. 


Shell has asked rezoning of a 3500-acre 
site below Wileineton, Delaware. It plans to 
invest about $80,000,000 in a refinery and 
petrochemical plant facilities — Shell's 
first on the East Coast. 


No acceptable bids were made by oil com- 
panies on a barter basis to supply Navy oil. 
The plan was to swap government-owned farm 
commodities. Now Navy is asking for straight 
bids on 6.2 million bbl special fuel oil. 
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We Like To Be Copied, But... 


We are not flattered by the recent New York Times' story indicating that The 
Petroleum Engineer has been the first businesspaper chosen by the Russians to 
be translated in its entirety each month rather than abstracted as has been 
the practice in the past. 


As publishers and communicators, we are interested in the dissemination on 
as wide a scale as possible of all useful information. We do insist, however, 
that certain ground rules be followed; namely, that permission is requested 
and granted, and proper credit given on all material reproduced in any form 
from our publications. 


Under United States copyright laws, to reproduce material on which another 
person holds the copyright is to invite punishment at the hands of the courts. 
The initial protection is to be found in Section I of the Copyright Laws of 
the United States: "Any person entitled thereto, upon complying with the 
provision of this title, shall have the exclusive right: (a) To print, 
reprint, publish, copy and vend the copyrighted work." 


The reproduction of the copyrighted material doesn't have to be on so grand 
a scale as having it done by a printer: The crime is just as great if a page is 
torn from a magazine and reproduced by means of the office-copying equipment 
that has come into widespread use in recent years. 


The words "print" and "reprint" in Section I of the Copyright Law have been 
construed to mean not only to print or reprint in type, but also to include 
photographic, multigraphic, or other mechanical reproduction. 


To understand the meaning of the copyright law is to understand the full 
implication of the copyright notice in magazines and other periodicals. It 
is a sign of inviolate ownership, just as surely as the deed to a home. 


Yes, we like to be copied, quoted, and imitated, but not to the extent of 
giving up our proprietary rights under the law. 


Sjee 6) So alt OF 


Publisher 
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THE BEST SAFEGUARD IS KNOWLEDGE 


In the oil and gas industry, knowledge is acquired only through long years of experience. Republic, as 
a pioneer oil bank in the South . . . with the South's largest Oil and Gas Department, has this knowledge 
For decades, Republic has been pacing the industry, keeping thoroughly informed on new trends 
and developments, credit ratings, equipment distributors and all the varied factors involved in oil 
and gas financing. 

Republic offers you not only unlimited resources but also the strength which comes from specialized 
knowledge. Next time you need bank service on an oil or gas matter, talk to Republic, indisputably 
a leader in the field. We understand your problems... speak your language and have the resources 


to best protect your interests. 


REPUBLIC NATIONAL BANK 


OF DALLAS 
bad ” 
Wy 7 the Oij/ and Gas Man 


CAPITAL AND SURPLUS $105,000,000 *# LARGEST IN THE SOUTH * MEMBER FEDERAL DEPOSIT INSURANCE CORPORATION 
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Course of Oil 


age of the powder keg jugglers 


WHAT DO YOU DO when you live in a world where 
great powers and small dictators, revolutionaries and 
status quo-ers toss live ammunition as if it were con- 
fetti? We’ve had a whole generation that knows only 
hot and cold war. As for our industry, it is a wonder 
it has survived, almost free. 

One of the greatest things it has done is to go into 
all the world. You’d have a hard time finding a country 
without a seismic outfit or a service station, a refinery 
or a drilling rig. Our 14th World Round-Up (this month 
and next) shows oil activity in 125 countries. Our 
industry has advanced under pressures so heavy and 
punitive that we should never underestimate the 
dynamism that propels us against desperate odds. 

Without the powder keg jugglers, free economic 
forces (along with the education it brings and needs 
and supports) could coax our world to bloom. We'd 
improve more consistently if our business leaders could 
take more initiative in world progress. Are they helpless 
in the political conflicts that surround us? 

We need to be more dramatic. You’ve heard of Soviet 
technicians finding oil that had been well mapped out 
by Western companies. You know how the Soviet 
with great publicity lends a foreign nation funds to build 
a refinery. A private oil company without much fanfare 
finances its own plant and it’s always more modern. 

When we were in Hamburg, a German oilman pointed 
on the map to the fingers of pipelines from Russia 
reaching into Europe that could choke off Western oil. 
We had just come through Hamburg streets filled 
bumper to bumper with automobile traffic. “Give them 


half your cars,” we said, “and the oil will be traveling 
the other way.” 

It might be a good idea for us. The government’s 
giving has not brought us expected returns. Suppose 
U.S. business and industry raised a billion dollars to 
give Soviet factory workers some half million automo- 
biles. If Khrushchev refused, his workers wouldn’t like 
it. If they accepted it would start that powerful yeast 
of consumer demand. We could send technicians to 
show how these capitalist demons work. We could sell 
parts. Instead of exporting oil, Communists would need 
more service stations and more gasoline. They’d find 
satisfying car owners was no simple job. 

We have some economists who want to go the Com- 
munist way — the “no-tail-fin” sect. What’s wrong with 
Communists coming our way? Our economic leaders 
might prove more persuasive than political leaders. So 
far political forces have led us into points of no return. 

We don’t believe every house needs plumbing and 
every family a car to live a good life. But we’ve bragged 
so much about our living facilities that for others it is 
imperative to acquire them in order to know they are 
secondary to the cultural and spiritual values that make 
life worth treasuring. 

This is another challenge to business management. 
Surely our petroleum leaders and those of other indus- 
tries can reach out to retrieve and set on a new road 
our whole world’s economic progress. It is time to serve 
people instead of monster States. With imagination and 
daring, economic managers can grab attention from the 
powder keg jugglers. 


Ernestine Adams 
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Congrats and $25.00 to Charles L. Mizer, 114 Lexington Ave., Taft, Calif. 
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“wants a 
job 

riding the 
brake” 


Tough, tested and ready to roll... that’s the story in a nutshell on Lone Star casing, 
tubing and line pipe. Tough, because it’s made of quality steel by men who know the 
needs of the oil country. Tested so carefully that every length of pipe meets or exceeds 
API requirements before it leaves our plant. And because we’re located in the heart 
of the Mid-Continent producing area, Lone Star pipe can usually be on-the-job at 
your well site overnight. 


Men in the saddle in the oil business know that Lone Star pipe is dependable. 


Neighbor, wherever you are, specify Lone Star and we both get a good deal. 


TEEL 





COMPANY 
EXECUTIVE—SALES OFFICES 

W. Mockingbird Lane at Roper * P. O. Box 12226 * Dallas, Texas 
DISTRICT SALES OFFICES 


912 Republic National Bank Building, Dallas, Texas 
Houston, Texas | Midland, Texas | Tulsa, Oklahoma 
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WOULD YOU LIKE to be the chairman of a company 
that distributed an 11% dividend and at the same time kept 
expanding in new directions? It sounds like someone’s eco- 
nomic dream. Yet it happened. Dr.-Ing. h.c. Guenther 
Schlicht is the chairman. Deutsche Erdol-Aktiengesellschaft 
is the company. 

Dr. Schlicht is just one example of the German genius 
for business. And when you study the pattern of his career 
you learn again that genius is extensive preparation and 
intense devotion to execution of plans that are good only 
if they are put into action. 

This man, both amiable and decisive, has constructed an 
international petroleum company from growth and mergers 
in the best tradition of free enterprise. Post-war West Ger- 
many gave him a good climate for his talents of organization; 
his experience and common sense kept his moves on sound 
and stable growth. 

To go back to the preparation — young Guenther began 
his career in mining. His father was manager of the State 


Mines at Koenigshuette in Upper Silesia and the son got 
ready to follow his father’s career. He completed his mining 
studies at the Technical Academies of Munich and Berlin 
and passed the required examinations that made him a 
certified mining engineer. The title is “Diplom-Bergin- 
genieur.” In 1924, at the age of 22, he was hired as a junior 
mining executive by the State Administration of Mines. 

German engineers go through a series of examinations 
resembling state insurance tests in the USA that bestow 
new titles. In April 1928, the young engineer distinguished 
himself — and delighted his family — by winning the State 
Prize when he took the Great State examination. Now he 
was “Bergassor.” He left government service that year to 
join the Deutsche Petroleum-Aktiengesellschaft in Berlin. 

Clearly he meant management material to DPAG and the 
company began its part in his preparation. He was sent 
first to Romania where DPAG had interests in production 
and later to the U. S. to study mining and oil operations. He 
went to Pittsburgh first because of contacts with Gulf Oil 
and from there visited Scranton, Pennsylvania, mines, and 
the Seminole, Oklahoma, oilfield. 

The study of Romanian operations and the seven months 
in the U. S. gave his active mind fresh vistas to work to- 
ward and from then on his career was in petroleum. 

By 1940, when DPAG merged with Deutsche Erdol- 
Aktiengesellschaft, Ing. Schlicht was part of top manage- 
ment. He was appointed a director of DEA, and manager 
of the oil department of this coal-oil corporation. 
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When war came he had the demanding and scarcely re- 
waraing job of seeking oil for his country. 

After serving on the DEA executive committee of the 
board from 1943, Dr. Schlicht was elected to the chairman- 
ship in 1955. The same year he was made chairman of the 
board of the mining company, Steinkohlenbergwerk Graf 
Bismark GmbH. 

DEA not only has an aggressive exploration program in 
West Germany, where its 21,000 b/d production is one- 
fifth of the total output, but it has branched into world-wide 
operations. It opened up reserves in Syria and in Canada; 
with a group of other German companies and Peruvian 
interests it owns a new oilfield in Peru and this group is 
undertaking in the same area some exploration work with 
Mobil Oil. DEA is also conducting geophysical operations 
in Egypt in partnership with the government; in Libya with 
Wintershall AG, another German company, and in Turkey 
it owns concessions with Turkish Gulf Oil Company. 

At present DEA’s refining facilities are in Germany only 
—at Heide, Hamburg and one under construction with 
partners at Karlsruhe. In 1959 DEA refinery output rose 
47% over the previous year. Recently DEA and Continental 
Oil formed a chemical company, Condea, which will erect 
a plant near Hamburg. 

Dr. Schlicht (the doctor of engineering honorary degree 
was bestowed by the Mining Academy of Clausthal, Ger- 
many) heads an energy company rather than an oil com- 
pany although oil is predominant. DEA has large coal 
interests. 

“The coal industry is very important,” states Dr. Schlicht. 


DR.-ING. h.c. GUENTHER SCHLICHT 
Chairman 
Deutsche Erdol-Aktiengesellschaft 


“You can’t separate marketing and social viewpoints. The 
coal industry must keep a secure core of operations.” 

DEA is also in electrical power. This power output rose 
41% in 1959 over 1958. Through subsidiaries DEA’s 
chemical operations increased 43% over the previous year. 

Some of this fantastic progress is bouyed by the West 
German economic boom but Dr. Schlicht and his DEA 
companies are so far ahead of the general advance that his 
star is bright even in a galaxy. 

Dr. Schlicht is one of those rare specizs —a practical 
scientist — a breed marked for distinction at this particular 
time in world affairs. He has developed a specialist’s under- 
standing of all energy forms. He is president of Deutsche 
Gesellschaft fur Mineralolwissenschaft und Kohlechemie, 
a German association for mineral oil science and coal 
chemistry. He has since 1955 been a member of the Com- 
mittee for Atomic Problems within the Federation of 
German Industries. He has been an active contributor to 
manufacturing enterprises for drilling equipment and the 
development of other technical oil equipment. 

Since 1954 he has been president of German National 
Committee of the World Petroleum Congress and will head 
the committee for the Sixth World Petroleum Congress at 
Frankfort in 1963. 

Dr. Schlicht has four children — a married daughter and 
three sons. The oldest son follows his father and grand- 
father in mining engineering. The second son is in high 
school and the youngest is 13 years old. 

For recreation the DEA chairman reads — mostly science 
and history — and swims and golfs. 

“What’s your handicap?” 

He laughed, “I only began to play four years ago but 
still it’s high — it’s 21.” 

Which only goes to prove no one can be an expert in 
everything. 
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BUILD ECONOMY 
A 


with American Equipment! 


TELEMETERING SYSTEMS — Designed 


P A . to meet the individual requirements 
If you’re already using American measure- of any system. 


ment and control equipment on your system CONTROLLERS series A-88 

— large or small — you know how it reduces Controllers, Transmitters and Receivers 
manpower requirements and provides con- for measurement and control of 
tinuous operating economies. If you're not continuous process variables. 


already saving with American equipment, ORIFICE METERS— Dri-flo and mercury 
ask your representative for full information. 
You'll be surprised to learn how little it 
costs to build sustained accuracy, depend- 


manometers in recording, indicating 
and integrating models — in a variety 
of working pressures and differential 
ranges. 


CANNON PENS Record up toa year 
without refilling — produce charts 
of maximum legibility — no blurring 
or smearing 

RELIANCE REGULATORS For indus- 
trial, commercial and house service 
applications. 


ability and long-term operating economies 
into your system. 


AME eenens 


METER 
co 


GENERAL SALES OFFICE: Philadelphia 16, Penna. * Albany * Alhambra « Atlanta * Baltimore * Birmingham « Boston * Chicago « Dallas * Denver * Erie * Houston * Kansas City 
Los Angeles * Minneapolis * New York « Omaha « Pittsburgh * San Francisco « Seattle * Tulsa * Wynnewood 

IN CANADA: Canadian Meter Company, Ltd., Milton, Ontario « Calgary * Edmonton * Montreal * Regina * Vancouver 

SUPPLIERS TO THE GAS INDUSTRY for lroncase, Tinned Steelcase, Aluminumcase, and Welded Steelcase Meters * American-Westcott Orifice Meters * Instruments + Reliance 
Regulators * Apparatus * Vaives 


METER COMPANY 
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Where It Will Stop, Nobody Knows 

The state of Washington boosted its gasoline tax from 
642 ¢ a gallon to 742 ¢. This increase brings the state’s total 
gas tax, including 4¢ federal, up to 11%¢, thus giving 
Washington the dubious honor of having the highest gas 
tax in the nation. 


Power buries those who wield it. — The Talmud. 


A Business View of Communism 

Ever since 1929-31 Fred C. Koch, a prominent Kansas 
oil man, has: been interested in Communism. Those three 
years he spent in Russia building 15 cracking plants for 
the Oil Trust. He returned to the Soviet in 1956. Now he 
has written a brief, readable summary of Communist phil- 
osophy, methods, and objectives. 

In “A Business Man Looks at Communism” Mr. Koch 
vividly portrays his very real fear that the American people 
will learn too late they are victims of a war that is never 
fought. The 40-page book is available for 25 cents, plus 5¢ 
postage, from Fred C. Koch, 321 West Douglas, Wichita, 
Kansas. Recommended. 


The ultimate result of shielding men from the effects of 
folly is to fill the world with fools. — Herbert Spencer. 


3000 Air Conditioners for Kuwait 

Despite summer temperatures above 100 deg, citizens of 
the independent Arab state of Kuwait on the Persian Gulf 
can expect to be cooler in the future—at least when in- 
doors. An order for 3000 room air conditioners now being 
filled by the Westinghouse Electric Corporation’s major 
appliance division will give Kuwait one room air condi- 
tioner for every 16 persons in the country. The country with 
the next highest ratio—the United States—had one air con- 
ditioner for every 23 persons in early 1961. 
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Completes First Full Year 

The Irish Refining Company’s plant in Whitegate, near 
Cork, completed its first year on stream in the fall of 1960. 
A 40,000 b/d capacity refinery, it is operated jointly by 
Esso, Shell-Mex and BP, and Caltex. See photo (supplied 
by Caltex) on this page. 


The love of liberty is the love of others; the love of power 
is the love of ourselves. — William Hazlitt. 


Eat Your Cake — But Don’t Eat Mine 

These figures came from an editorial in the Warrensburg, 
Missouri, Star-Journal: 

Americans are a prudent people. In a recent poll, 63% 
of those questioned said the President and Congress should 
hold down prices and prevent inflation. 

Americans are a good-hearted people. In the same poll, 
52% said they thought more medical care for the aged 
should be provided. 

Americans are a generous people. In the poll, 48% said 
Congress should boost the minimum wage to $1.25 per hr. 

Americans like to get a break. The poll turned up 46% 
who thought the government ought to “reduce taxes for 
people like myself.” 

A higher minimum wage—but no price rise and no infla- 
tion. More medical care for the aged, more federal aid to 
education (said 40%), more housing and slum clearance 
(38%), more spending on national defense (31%) and 
for the unemployed (28% )—but still “balance the budget 
by cutting government spending” (37%) and, above all, 
“reduce taxes.” 

Americans are prudent, good-hearted, and generous. 
Also, Americans have a crying need for a fast lesson in 
economics. 


Eight years ago government welfare cost tax payers $7 
billion. Last year welfare through government agencies cost 
the tax payer $22.3 billion. 


Some Patterns Are Already Cut 

Some additional answers have been received to our edi- 
torial on “Patterns for Prosperity.” We know petroleum 
management has built some excellent methods of carving 
out paths for advance. 

Perhaps we have been less dramatic than is necessary to 
make the world more conscious of our achievements. As 
we mention in this month’s editorial, the Soviets have a 
much greater flair for getting the spotlight with less effort. 

Another factor we should not fail to account for is the 
great segment of business and industry management taken 
into political management. How much these contribute 
would be hard to determine, especially in an administra- 
tion like this, which has a record number of professors. 


R. L. Tollett, president of Cosden Petroleum Corpora- 
tion, said at first he didn’t know how to answer our edi- 
torial, but he is one whose actions are a good reply. He’d 
made an early announcement of an ammonia plant to be 
built next to Cosden’s Big Spring refinery and later ex- 
plained why: 


“In my opinion, it is not becoming of government officials 
or industrial managers to play up statistics which are prin- 
cipally concerned with unemployment and the recession 
in business which precedes it. 

“This country should expect its government as well as 
its industrial leaders to combat any sort of recession and 
to do as much as we can to give the people encouragement 
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Take a tip from this contractor... 
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New D6B Tractors do work 30% faster— 


cut fuel costs for Carl Rumage 


Working in rain, this new D6B Tractor digs a salt water pit 40 ft. x 75 ft. x 10 ft. In spite of slippery 
ground and exceptionally tough, sticky soil, the tractor will finish the job in a single day. Mr. Rumage 
keeps his equipment moving —handles soil conservation work when not busy in the oil fields 


Like most contractors today, Carl Rumage, owner of 


c A. 


Rumage Co., Vernon, Texas, is fighting the 


squeeze on profits every way he can. He’s found one 


of the best ways is to trade up for new, more produc- 
tive machines—even if existing equipment is working 
fine. Two new D6B Tractors, recently purchased by 
this contractor, provide a good example. 

Comparing the new D6 with the old D6, Carl 
Rumage says, “Our new machines do the work at least 
30% faster... 
up to the new D6 is sure paying off for us.” 


and they do it on less fuel! Trading 


There’s good reason for Mr. Rumage’s enthusiasm. 
The new 93 HP Cat D333 Diesel Engine, for example, 
has 25% more lugging ability than the previous model. 
\ more comfortable operator’s compartment and con- 
venient controls help keep operator efficiency high. 
A new hydraulic bulldozer, with quick-drop valves, 
gives faster operation, increased productivity. 

The new D6B helps keep down operating costs in 
several ways. Its easy-breathing Cat Engine car oper- 
ate on high-energy, low-cost fuels such as No. 2 furnace 
oil. It has a dry-type air cleaner that eliminates the 


expense and bother of handling filter oil, can be serv- 
iced in five minutes, and keeps 99.8% of air-borne 
dirt out of the engine. 

The long-life Caterpillar oil clutch usually gives 
up to 2000 hours of service before it even needs adjust 
ment. Lifetime lubricated rollers that never need atten- 
tion until rebuild time are a real convenience and save 
in maintenance costs. 

Trading up to new, more productive D6B Tractors 
certainly made sense for Carl Rumage. A similar trade 
may help solve your profit problem. Your Caterpillar 
Dealer can help you decide and can demonstrate the 
production advantages of new Cat-built machines. See 
him today. 


Caterpillar Tractor Co., General Offices, Peoria, I'l., U.S.A 


CATERPILLAR 


Caterpillar and Cat are Registered Trademarks of Caterpiiiay | ac! 





that ours is a dynamic national economy which promises 
good jobs and a high standard of living for all of us.” 


A two-pronged reply comes from Dudley Tower, presi- 
dent of Union Oil Company of California. He points out, 
rightfully, the contribution business leaders make in the 
community and national affairs outside of politics. He be- 
lieves business deserves a better break from a public rela- 
tions standpoint than it has been getting and certain road- 
blocks to business activities must be removed if industry is 
to exert its full potential as a prime leader of our economy. 


“There is never a day goes by that | am not amazed at 
the number of my business associates who are—with no 
fanfare, prodding, or additional remuneration—continually 
at work furnishing leadership to community and national 
affairs. For instance, in our own company we have men 
who are active in children’s charities, such as Boy Scouts, 
YMCA, Children’s Hospital, Spastic Children’s League, etc. 
These organizations are not only supported by our com- 
pany but they are supported by many of our personnel 
with both money and time. 

“We give regularly large sums of money to private 
education. More than that, we back it up by having many 
of our key personnel on the Board of Trustees of many 
of these schools where they participate actively. We have 
people working on many community projects, such as new 
hospitals, art museum, music center, recreational facilities, 
all of which are so important to the general welfare of the 
community. The above is only a small part. 

“In other words, I feel very strongly that American 
industry can and does provide the leadership for a strong 
national economy. 

‘If | am right in the foregoing statement, the natural 
question that follows is then, “Why aren’t they doing a 
more effective job of it?’ 

“We must first remove the roadblocks to American 
industry’s progress. Taxes are confiscatory, labor unions 
have too much power, politics are more emotional than 
reasonable, and there are many other problems. We in 
industry do not feel sorry for ourselves. Many of the prob- 
lems we face today we had a large part in creating, but to 
remove these obstacles is the business leader’s prime respon- 
sibility today. Only then can we make more effective our 
drive for a healthy and growing economy. Most of us are 
willing and desirous of giving it our ‘Sunday punch’.” 


“The full measure of the power of industrial society is its 
ability to stir the imagination.” —Peter F. Drucker 


World Mining and Petroleum Laws Published 

A guide to mining and petroleum laws of the world— 
the first of its kind ever published in a single volume—now 
is available to the public. Prepared for the Bureau of Mines 
by Attorney Northcutt Ely of Washington, D. C., it presents 
highlights of mining and mineral land tenure of more than 
100 countries. The 215 page volume Bureau of Mines In- 
formation Circular 8017, can be purchased from the Super- 
intendent of Documents, Washington 25, D. C., for one 
dollar each. 


You Won't Believe It 
“If wages are pushed above the point of marginal pro- 
ductivity the decrease in employment will normally be from 
three to four times as great as the increase in hourly rates 
so that the total income of the working class would be 
reduced.” 
From “Theory of Wages” published 1934 and 
written by present Senator, Paul H. Douglas. 
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Asphalt Mileage Soars 

Asphalt-paved mileage on the state highway systems has 
nearly doubled since the end of World War II, according 
to figures compiled by The Asphalt Institute. Asphalt pav- 
ing, which totaled 242,248 miles in 1945, had reached 
478,455 miles in 1959 as reported in the latest edition of 
the U.S. Bureau of Public Roads book, “Highway Statis- 
tics.” The increase in high-type (or so-called “heavy-duty” ) 
asphalt pavement has been even more phenomenal. This 
figure has climbed from 68,245 to 246,478 miles, reflecting 
the rising popularity of this type of modern pavement. 

Meanwhile, the existing mileage of portland cement con- 
crete surface on the state systems has continued a steady 
decline since it reached an all-time peak of 95,740 miles 
in 1942. By 1959 the total had dwindled to 66,677 miles 
despite the construction of nearly 25,000 miles of new con- 
crete pavement during that period. 


Gas Industry Presents Modern School Plan 

Results of some research announced by American Gas 
Association indicate that immense sums can be saved by 
installing natural gas turbines in new-type compact schools 
built to accommodate increased secondary school enroll- 
ment. 

The report revealed that 2300-student air-conditioned 
compact school with natural gas as its only source of power 
can be built for approximately $2.3 million — about 16% 
less than the present conventional type schools of the same 
size without air-conditioning. 

Present estimates are that $92 billion would be needed 
in the next 10 years to build sufficient schools of present 
design and standards. Applying the 16% cost reduction 
under the new plan means $1.5 billion reduction in cost. 
Other savings will be $45 million in insurance; $32 million 
in reduced interest on bonded indebtedness, and $670 mil- 
lion savings in maintenance and operation. 


We have but to change the point of view and the greatest 
action looks mean. — William Makepeace Thackeray 


“Compete With Labor” 

Victor Riesel, New York labor columnist, told the mid- 
year meeting of the National Petroleum Association to “get 
into the market place and compete” with labor. 

Management, asserted Mr. Riesel, still does not have 
sufficient knowledge of the force and meaning of tne Ameri- 
can labor movement and thus is in danger of losing by 
default. 

He cited the growing power of labor — politically, finan- 
cially and industrially — and warned that a labor leader 
such as James Hoffa could reach the position where he’d 
“have the power to decide the day the United States would 
stand still.” 


Aramco Fellowship Awarded 

Dr. Jirair H. Arsenian, Senior Medical Officer to the 
United Nations Relief and Works Agency in Jordan, has 
been named the first recipient of a fellowship to the Har- 
vard School of Public Health provided by the Arabian 
American Oil Company (Aramco). The fellowship, estab- 
lished in 1960, offers tuition, living expenses and other fees 
to a qualified physician for one year of graduate study at 
the School of Public Health. Dr. Arsenian will be a can- 
didate for the Master of Public Health degree at the con- 
clusion of the 1961-62 academic year. A native of Jordan, 
Dr. Arsenian received his medical degree from the Ameri- 
can University of Beirut, Lebanon, in 1947. 
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Good Wells Make Good News 


A Report on Recent Engineered Acidizing Treatments 





June, 1961 


Engineered acidizing treatments by Dowell often provide outstanding results 
like these: 


® Andrews County, West Texas (Old Oil Well) me is the 





from 9164 to 9176 feet. Production had declined to 10 bopd. 

engineered by Dowell, with the aid of laboratory ‘aate and 

results. Calculations were made using the “Acid Guide’*. Treatment in 
cluded 10,000 gallons acid-oil-emulsion type Retarded Acid. After treat 
ment, well leveled off at 60 bopd -- a 50 bopd increase. ofteet wells 


treated with 10,000 gallons regular acid increased only five bopd 














® Cameron Parish, South Louisiana (New Gas Well) Completed in lower 





basal Miocene through perforations from 12,780 to 12,880 feet, producti 
was only 200 mcfd. To stimulate production, Dowell acidized with 
gallons acid-oil-emulsion type Retarded Acid containing an 
Freflo* surfactant in distillate preceded and followed ac 
tubing was displaced with five gallons Dowell foaming agen 
} & 3&6 

late. After treatment, gas production was 2000 mcfd -- a 

gas On Wes 6vvy a 





® Hot Springs County, Wyoming (01d 0il Well) Production had declined 





to 25 bopd. Pay was the Embar lime at about 4700 feet. Well had been 
treated previously with 5000 gallons regular acid. Calculations with the 
Acid Guide indicated that Retarded Acid should be used. 4000 gallons 
Retarded Acid and 1000 gallons regular acid were used. Thirty days after 
treatment, production had stabilized at 89 bopd. 








® Hillsdale County, Michigan (01d 0il Well) Production from this year- 


old well had declined to 11 bopd. Pay is the Trenton lime. Completion was 
open hole from 3750 to 3948 feet. Dowell acidized, using 5000 gallons 
Intensified Acid. Well flowed 750 barrels of oil in 22% hours following 
clean-up, and production stabilized above the 125 bopd allowable for the 


field. Treatment cost of $1625 was paid out with the first lay's flow. 

















Let your Dowell representative aes you design your next acid treatment. 


tion 


offices and sta- 
the United States, Can ede, Venezuela, Argentina, ceaae. France and 
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the ibaa area. Dowell, Tulsa 1, Oklahoma. 
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Services for the oil industry 
DIVISION OF THE DOW CHEMICAL COMPANY 











Regular Submersible 
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SUBMERSIBLE 
ruMPS 


deliver water 
economically 
consistently 
silently 


efficiently 


The Layne Submersible Pump installation gives you noise 
free operation because the pump and motor are completely 
submerged. The Layne Submersible is adaptable to all wells; 
requires a minimum of space since no pump house is re- 
quired; eliminates possibility of water contamination; and 
eliminates the opportunity for vandalism or other accidental 
mishap or damage. 


Layne Submersible Pumps are available for wells as small as 
6 inches and in capacities from 30 GPM up. For additional 


information write for free bulletin number 202. 


The Layne In-Line Submersible pump provides the answer 
to many problems in booster pump applications. The pump 
operates as an integral part of the line and is designed for 
use by municipalities, industry, such as petroleum and chem- 
ical plants and by agriculture. Advantages include: simple 
installation, no additional space required, continuous service 
even under flood conditions, and no possibility of surface 
water contamination. 


Layne In-Line pumps are made as small as 4 inch bowls on 
a 4 inch motor for use in a 6 inch pipe to deliver 30 GPM. 
Larger sizes are available as required. For additional informa- 
tion write for free bulletin number 203. 
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In-Line Submersible 


LAYNE & 8 iNC., MEMPHIS 


General Offices and Factory, Memphis 8, Tenn. 


LAYNE ASSOCIATE COMPANIES THROUGHOUT THE WORLD {Fina Yarne 
Sales Representatives in Major Cities saat the 


Yellow Pages 
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pumps 
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The LGP-30 Electronic Computer begins breaking up 





‘figure-work bottlenecks the very same day it is delivered. 


The Royal Precision LGP-30 is a complete electronic 
computer system that is delivered to you ready to go 
to work. It requires no special personnel. It is simple 
to program and operate . . . an engineer can use it him- 
self. It requires no air-conditioning or expensive site 
preparation. In fact, it requires no site preparation. Just 
roll the LGP-30 to where it’s needed and plug into the 
nearest convenient 110-volt AC wall outlet. It’s mobile, 
so it goes anywhere ...desk-size, so it takes little room. 





And, though the LGP-30 can solve routine and 
theoretical math problems 30x faster than any 
man— it rents for litthe more than the salary of an 
additional engineer. Amazing? No, just well-designed, 
advanced. Let us tell you more about it. Write: 


Mr. Floyd Ritchie, ; 
Royal McBee ROYAL 


Corporation, Port 
Chester, NewYork. 
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ELECTRONIC DATA Pf 


The oilman: Wizard with a wave - even styling a fair lady’s hair depends on 
petroleum — in the form of oil-based chemicals for permanent wave lotions. Petroleum in one or another of 
its many guises touches almost every aspect of our day-to-day life. That’s why you, the oilman, are so impor- 
tant to America. You're helping, with better products and services, to build a pleasanter, more convenient 
world for us all. So if you hear anyone speak against oil, tell him you're proud to be an oilman — making 


possible new uses for one of the world’s most versatile natural resources. 


SHELL OIL COMPANY 
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—a major break-through in the perfection of pressure gauges 


Unquestionably the greatest reward of Marsh 
research in recent years is the ““Conoweld”’ 
process—the process that enables us to accom- 
plish the outwardly impossible feat of fusing 
the socket and bourdon tube of a pressure 
gauge into one permanently leak tight unit. 


What does it mean to pressure gauges? 


Particularly for gauges subjected to strenuous 
service, ‘“Conoweld”’ is a revolutionary develop- 
ment. Obviously the socket-and-tube unit in a 
pressure gauge does the basic job—takes the 
punishment. That is why we have given so 
much attention to making a tighter, sounder 
joint in the socket-and-tube unit of all Marsh 


Gauges. But while doing this, we kept reaching 
out for some means of eliminating the joints 
entirely —and found it in ‘““Conoweld”’ 

“Conoweld’”’ makes what was once the most 
vulnerable part of a pressure gauge into the most 
permanent part! 

In a highest quality gauge like the Marsh 
Mastergauge, the ‘““Conoweld”’ socket-and-tube 
unit becomes the crowning touch. Even before 
this innovation Mastergauges stood up under 
conditions of vibration, pulsation and pressure 
surges as no other pressure gauges have. How 
much better can they do with the ‘““Conoweld”’ 
unit? We leave the answer to all who know 
pressure gauges. 


MARSH INSTRUMENT COMPANY, Dept. M, Skokie, Iilinois 

Division of Colorado Oil and Ges Corporation 

Marsh instrument & Valve Co. (Canada) Ltd., 8307 103rd St., Edmonton, Alberta, Canada 
Houston Branch Plant 1121 Rockwell St., Sect. 15, Houston, Texas 

Eastern Seaboard Warehouse: Marsh instrument Company, 1209 Anderson Ave., Fort Lee, N.J 


A better case: 
“MARSHALLOY" 
Mastergauges are available with 
copper-ciad, 


the ‘Marshalloy” 


A better movement 
The Mastergauge movement is 
in step with the “Conoweld” 
socket-and-tube construction. It 
is remarkably rugged, yet practi- 


wrought steel case. The case has 
the strength of steel (four times 
stronger than cast iron) and the 
corrosion-resistance of solid 
copper. Final finish is corrosion- 


cally frictionless as a result of 
the alternate use of stainless 
steel and monel which gives it a 
self-lubricating effect. Exclusive 


resistant black enamel. feature is the broad (coined) 
sector gear. 


MARSH GAUGES 


“THE STANDARD 
. ica, P 


Ase 


GAUGES * THERMOMETERS * VALVES 


Mastergauge is standard bearer for 
the world’s broadest line of gauges 
and dial thermometers. Ask for cata- 
log covering your specific needs. 


FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS. SEE READER SERVICE CARD 
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385 HP! 
ye 


MASSIVE HEAVY-DUTY UNDERCARRIAGE Immense 
strength and rigidity of undercarriage is one good solid 
reason why the D9G is more than equal to the roughest 
ripping job. Box section frame is wider and deeper than 
previous models. Hydraulic track adjusters are standard. 
Lifetime lubricated rollers with special alloy deep hardened 
rims assure long life... and they require no servicing until 
time to rebuild. 





For high-volume dozing, pushloading 
or ripping, the new D9G has what it 
takes... at minimum cost per yard! 

The engine in the new D9G delivers 
385 flywheel horsepower. That’s 100 
more horsepower than the first D9 in- 
troduced five years ago! 

Weight is 64.800 pounds—14% 
more than the first D9! 

Torque divider power shift transmis- 
sion... massive heavy-duty undercar- 
riage ... and power train with built-in 


ruggedness for long life. 

What else is new? Matching the 
D9G is a full line of attachments — all 
designed to help this new tractor really 
put out on the toughest big jobs. 


CAT D353 ENGINE AND MATCHED 
POWER TRAIN This engine, rated 
385 HP (flywheel) at 1330 RPM, has 
been proven—and proven again —over 
thousands of hours on the roughest 
jobs. Its 6.25” x 8” six-cylinder de- 
sign now incorporates controlled tur- 
bocharging and aftercooling (found 
only in the D9G among crawler trac- 
tors), assures more efficient use of fuel, 
increases maximum torque and pro- 
vides fast engine response over a wide 
range of operation. Shroud-mounted 
fan reduces air recirculation; torque 
limiting clutch saves on fan horse- 


power. Plus: exclusive Caterpillar fuel 
injection system, twin dry-type air 
cleaners. oil-jet-cooled pistons, “Hi- 
Electro” hardened cylinder liners and 
crankshaft journals. 

The new power train includes three 
major advances: new oil-cooled steer- 
ing clutches and brakes, new planetary 
final drives, and a time and cost saving 
common lube system. The new spring- 
engaged, hydraulically-released steer- 
ing clutches need no adjustmenis... 
have a proven longer service life. New, 
planetary final drives increase gear re- 
duction ratios from 8.8:1 to 18:1, re- 
ducing torque load on all power train 
components. A common system cools 
and lubricates torque divider, trans- 
mission, bevel gear, steering clutches 
and brakes. This means one service 
point ...one type of oil. The entire 
power train of the big new D9G has 


A FULL LINE OF HIGH-PRODUCTION ATTACHMENTS 
New cable controls with larger clutch, brake and drum capac- 
ities—hydraulically boosted ...new hydraulic controls in 


nine arrangements. . 


. special cushioned pushing equipment 


. angle, straight and U dozers, cable or hydraulic... 


rippers .. 


. scrapers . 


. and others. 


To prove the D9G’s productive capabilities on your job, 
talk to your Caterpillar Dealer. 
Caterpillar Tractor Co., General Offices, Peoria, Ili., U.S.A. 


unitized construction for fast, individ- 
ual removal of components. 


PROVEN TORQUE DIVIDER POWER 
SHIFT This exclusive Caterpillar de- 
sign feature—standard equipment on 
the D9G—combines the efficiency and 
snap of direct drive with the load- 
matching and anti-stall characteristics 
of torque converter. A single lever 
gives the operator finger-tip control of 
his machine. It adds up to fast cycle 
times and greater efficiency. You get 
more out of the machine all day 


CATERPILLAR 


Caterpiliar and Cat are Regsstered Trademarks of Caterpillar Tractor 





RUST-OLEUM 


RUST ® 
and matches O sen. «dey EQUIPMENT 


arte Soap a eg 
; mete Se ee em 


How much does rusty equipment cost you? With Rust-Oleum, 
you STOP RUST—and you match original equipment colors, 
too, for long-lasting protection! 
We want you to see for yourself how easy it is to use 
Rust-Oleum . . . actually take the brush and see how smoothly 
it works, how it dries to an attractive, high-gloss finish that 
resists sun, fumes, rain, heat, snow, salt air and salt spray, 
and blowing dust and sand. And the same formula can be 
applied by brush or spray. Just check the coupon for the color 
ein te mass you want . . . and attach it to your business letterhead for a 
own fingerprint. FREE TEST SAMPLE. No cost or obligation. 
Accept no Your Rust-Oleum Distributor maintains complete stocks 
substitute 
for immediate delivery. 


ATTACH COUPON TO YOUR BUSINESS LETTERHEAD FOR FREE TEST SAMPLE 


CHECK COLOR TO MATCH YOUR EQUIPMENT 


RUST-OLEUM CORPORATION, 2585 Ockton St., Evanston, Ill. 
Please send me a FREE TEST SAMPLE in the color checked: 


[_] 769 Damp-Proof Red Primer [_] 722 Bethlehem Yellow 
[_] 634 Quick Drying Black |] 726 New Emsco Green 
[-] 2766 High Gloss White [_] 727 New Unit Rig Gray 
[-] 470 Ready Mixed Aluminum (_] 724 Waukesha Gray 
(_] H-4 Caterpillar Yellow |] 721 National Blue 

[_] 723 Oil Well Orange 
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ADVERTISED PRODUCTS. SEE READER SERVICE CARD 
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“World tensions present problems, but they can also be signs of growth 
and development. We are in a period when rapid economic improvement 
is the urgent goal of every nation. The striving of all peoples for social 
and industrial development is bound to increase the demand for the 


abundant low-cost energy provided by oil.” —From the 1960 Annual Report 
4 

Standard Oil Company (New Jersey) 

(WHOSE PRINCIPAL U. S. OPERATING AFFILIATE IS HUMBLE OIL & REFINING COMPANY) 
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The Orange Bands of 
Youngstown mark the 
world’s most complete line of 
Oil Country Tubular Goods 





Take a mountain side. An offshore rig. Or a far 
out desert site. Take a tough, deep hole. A multi- 
ple completion. Or a sandy well. Wherever oil is, 
bring it in better with Youngstown Orange Band 
pipe. Bring it in more profitably with Youngstown 
... the world’s most complete line of Oil Country 
Tubular Goods. You get exactly the pipe you 
need to meet any situation and every condition. 


Select Youngstown drill pipe in standard or light- 
weights .. . 8 sizes, standard or premium grades 
. . . compatible with all tool joints. Order Orange 
Band casing in the widest range of sizes and 
grades. A.P.|. and Buttress T&C or Speedtite and 
Extreme Line integral joints. Specify Youngstown 
tubing from a complete line of sizes, grades, end 
finishes in A.P.l. or special non-A.P.l. upsets. 


Orange Band quality is carefully controlled from 
ore to steel to final inspection by Youngstown 
specialists. And the largest field service engineer- 
ing team in the Oil Country is ready to help you 
use it. You get fast delivery, too, from in-transit 
and full mill stocks. Specify high quality pipe from 
Youngstown for your next drilling job. The bold, 
bright Orange Bands tell you, you can't buy better. 


growing force in steel 


The Youngstown Sheet and Tube Company, Youngstown, Ohio 





Memo to Management: 


STOP WASTE... 
with efficient power 
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The increasing availability of utility electric power made it the ideal solution to problems in pumping, 
waterflooding, gathering, transmission as well as 


has made it more and more useful in the current 
refining. For the latest facts on purchased electric 


drive to stop waste of time, money, and manpower. 


The many economies of utility electric power have power, consult your Utility Electric Power Company. 





PETROLEUM MRM ELECTRIC 
POWER “QR ASSOCIATION 


(=) 





BOX 35006, DALLAS 35, TEXAS 


A list of P.E.P.A. members will be furnished on request. 
GAS INDUSTRY (Serere!) June, 1961 


FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS. SEE READER SERVICE CARE 





14th Annual 
World Round-up 


Has Union Oil of California 

found the long sought first oil 

field in Australia? This is a view of 
the Union well among the sheep 

in Queensland. Kern County 

Land and Australian Oil 

and Gas are Union’s partners. 


INTERNATIONAL OIL AND GAS 
TAKE TO PIPELINES 


Woven throughout 1960 world 
operations are great tubes of steel 
which heighten efficiency and 
deepen competition. Not even dan- 
gerous oversupply of crude oil or 
fairy-tale bloom of petrochemicals 
dims the starring role of pushing, 
demanding, expanding pipes in 
today’s world. 

Some of you will say “the oil glut” 
is the most significant phase of the 
international petroleum industry. 

We do have oversupply and it has 
made competition rugged. The Soviet 
hasn’t helped matters by throwing 
every barrel it could spare (to heck 
with Red China’s needs!) into the bat- 
tle for world markets. 

Others would suggest the lively 
petrochemical branch of the industry 
that is bursting out all over. Every in- 
dustrialized country feels the yeast of 
petrochemical growth for it breeds new 


ERNESTINE ADAMS 


factories, new trade, and new demand. 

Or you might think this could be 
called the time of political petroleum 
operations. A company may produce 
more oil in some countries than it 
needs because there is a political threat 
of nationalization or some lesser pen- 
alty if output is reduced. Instead of one 
large refinery and chemical unit for its 
African trade (which would be the 
most efficient operation) a company 
must build as many little plants in as 
many small countries as it can—for 
every new nation wants immediately a 
refinery and a fertilizer plant. 

There are other important factors in 
our world industry. A fresh group of 
petroleum companies is setting out to 
build their organizations on an inte- 
grated world basis. Cities Service buys 
stations in Italy; ENI goes marketing 
in the U.K.; Phillips in Japan, and Con- 
oco in Germany. These are a few and 
the entries grow. 

There are many activities that por- 
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tend an unexpected future. Our choice 
for the most outstanding single factor 
is the steel embrace of new pipelines 
that are squeezing the world a little 
smaller. 

In his article in November, 1960, 
Frank H. Love, editor of Pipeline En- 
gineer, said pipelines completed or 
under construction in 1960 totalled 
31,376 miles, compared to 22,415 the 
year before. This is a 40% increase in 
one year! Of these, 15,353 miles of 
pipe are in the USA and 16,023 out- 
side. 

Planned or proposed pipelines 
changed little. Those for 1961 include 
USA, 11,297 miles; all other countries, 
23,433 miles. 

The largest one system under con 
struction is the Soviet Comecon (Coun- 
cil for Mutual Economic Assistance) 
2790-mile crude oil line which will 
connect the “Second Baku” region west 
of the Ural Mountains to Omsk. There 
the line divides to go into Poland and 
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East Germany, and to Czechoslovakia 
and Hungary. This 28-in. pipe will be 
the longest line in the world. The pres- 
ent longest crude oil line—1088 miles 
-is Aramco’s Tapline. The longest 
gas line is the 1475-mile Little Inch. 

Also in the USSR, a 435-mile prod- 
ucts line from Omsk to Novosibirsk is 
being constructed and natural gas lines 
already underway total almost 4000 
miles. 

So the steel lines clasp the East- 
ern satellites closer to Mother Russia 
and at the same time point threatening 
pipes at Western marketers—pipes that 
will soon be spouting cheap oil. 

Another huge project is linking In- 
dia’s northeast production to refineries 
closer to consumption. Except for Tap- 
line the 720-mile, 16/14-in. line will 
be the largest crude oil carrier in the 
Eastern Hemisphere. 

National Iranian Oil Company is 
building a 513-mile products line into 
its northern areas to seek new con- 
sumers and is piping gas into Tehran 
from 87 miles away. 

The most fun pipeliners have had in 
a long time is deciding the best route 
to get North Africa’s oil and gas to 
European markets. Latest crude oil line 
is from the Edjele area in French Sa- 
hara (close to the Libyan boundary) 
to the Tunisian port of Skirra. The 
crude line from Hassi Messaoud to the 
port at Bougie is giving French con- 
sumers their desired “franc” oil. 

Projections grid the earth with dot- 
ted lines. How should you move Hassi 
Rmel gas to Europe? Which way shall 
you pipe the output of the rich Libyan 
fields to London, even to Scandinavia? 

And what is the good of it all? Pipe- 
lines carry oil the cheapest, most con- 
venient way. They reduce costs, bring 
oil and gas to anyone’s back door, pro- 
vide the energy that builds industry, 
homes and high living standards. 

Below are facts and figures for 1960 
on individual countries and geographi- 
cal areas: 


ADEN 


(1)' R C*? 120,000 b/d 
Runs 85,002 b/d 


Petroleum Concessions, Ltd., affiliate 
of Iraq Petroleum Company, aban- 
doned its exploration permits in Aden 
in 1960. Exploration and exploitation 
concessions in 5000 sq miles of the 
Thamoed region in the Hadhramut 
were announced by El Uany, an Indo- 
nesian businessman formerly of Hadh- 
ramut, who says he is authorized to 
negotiate on behalf of the two sultans 
who made their areas available. 

Only refinery in Aden is owned by 
British Petroleum which plans to in- 
crease capacity to 145,000 b/d at a cost 
of about $1,500,000. 

Consumption: 465 b/d inland. 


AFGHANISTAN 


Exploration in the northern part of 
the country is still in progress, accord- 
ing to the president, Royal Afghan 
Ministry of Mines and Industries. This 
program has been carried on since 
early in 1958 when Russian, Romanian 
and Czech experts arrived to search for 
oil in Afghanistan. They have drilled 
two wells, and at one time there were 
reports of good shows. 

Consumption: About 1400 b/d, some 
from Pakistan, but mostly from USSR. 


ALASKA 
Prod. 1600 b/d’ 

Although politically Alaska is part of 
the United States, we consider Alaska 
separately as this review is on a geo- 
graphical basis. 

High point in 1960 was construction 
of a crude oil line from Soldotna Creek 
and Swanson River fields to Nikiski, a 
terminal on the shores of Cook inlet. 
The 22-mile pipeline announced in May 
was completed in October. Costing $5 
million, it has a capacity of 20,000 b/d, 
which will be increased later to 40,000 
b/d. The line is a joint venture of Rich- 
field and Standard of California. Rich- 
field discovered the Swanson River field 
and Socal and Richfield found the 
Soldotna Creek field. 

There are 7 rigs operating in Alaska 
and 25 wells were drilled in 1960, 16 
producers and 9 dry. This brings to a 
total of 26 wells producing oil and gas 
in Alaska. 

Several gas reservoirs have been dis- 
covered; arrangements for marketing 
the gas are being studied. Union of 
California and Ohio Oil found large 
reserves in 1959. Standard-Richfield 
has a new gas field and Halbouty Alaska 
Oil Company found a third natural gas 
field 16 miles east of the Union-Ohio 
field and 6 miles south of Soldotna. 

Deepest well drilled to date is Rich- 
field’s Kaliakh River No. 1 which went 
to 14,699 ft. Some figures given by the 
State’s Division of Mines and Minerals 
for 1959 and 1960 are: 

1959 1960 
Geologic party weeks 552 246 
Seismic crew months 92 40 
Gravity crew months ta 4.85 
Total footage 

drilled 137,902 260,341 
Drilling permits issued 16 30 
Wells spudded 16 26 
Wells completed 12 25 
Estimated expenditures: 

Exploration, development, 

production $30,654,000 $35,000,000 

Note: Core holes and salt water in- 
jection wells are not included in above 
figures. 

Refiners Sales Company, Long 
Beach, California, announced plans for 
a 2000 b/d topping refinery in the 
Anchorage area. 

Consumption: 17,500 b/d oil pro- 
ducts. 


ALBANIA 
Prod. 14,500 b/d? (6) RC 7200 b/d? 
Gas 1000 mcf/d ? Runs 6500 b/d ? 

None of Albania’s refineries are large 
but the two latest ones, at Cerrik and 
Stalin City, together have about 6000 
b/d capacity. Some crude oil is ex- 
ported; most products refined in Al- 
bania are consumed there. 

If official Albanian reports can be 
believed, the nation’s crude production 
has soared to record levels. According 
to State Planning Commission’s Statis- 
tical Administration, crude output 
jumped 51.8% last year. Based on 
1959’s estimated production of 479,000 
metric tons, this would indicate output 
of 728,000 tons in 1960. 

Despite the sharp gain, Albania fell 
far short of its original goal, set in 
1957, of producing 1,320,000 metric 
tons of crude in 1960. The 1960 target 
was later reduced to 900,000 tons. 

Albania and Russia early this year 
signed a trade agreement providing for 
continued export of Albanian crude 
and asphalt to the USSR during 1961. 
Russia, in turn, will send oil drilling 
equipment and refined oil products to 
Albania. 

At last information there were 8 
drilling rigs working. 

Reserves: 18 million bbl 

Consumption: 5900 b/d 


ALGERIA/SAHARA 

Prod. 170,928 b/d 
Gas 18,700 mcf/d 

This is the beginning of payout in 
the rich Sahara. New pipelines allowed 
production 7 times what it was in 1959. 
Output included: about 130,000 b/d 
from Hassi Messaoud field (SN 
REPAL-CFP) through Haoud el Ham- 
ra-Bougie 24-in. line; some 30,000 b/d 
from El Edjeleh and Zarzaitine 
(CREPS) fields in the east for 4 
months through the new In Amenas-La 
Skirra (Tunisia) 24-in. line, and nearly 
100 b/d from the old SN REPAL field 
of Oued Guerterini. New fiields have 
been added in 1960 and some of them 
are waiting for pipeline outlets. About 
540 b/d of LPG was produced at Hassi 
Rmel and sent through 8-in. pipe 
from Hassi Rmel-Haoud el Hamra, 
then on to Bougie through 24-in. pipe. 

Some 18,700 mcf/d of gas was pro- 
duced in the Hassi Rmel field 
(REPAL). The 24-in. gas line from 
this field to Arzew then on to Relizane 
and Algiers with 16-in. pipe will soon 
be completed. 

Thirty-eight rigs operated in Algeria- 
Sahara in 1960 drilling 185 wells com- 


Number of refineries in parenthesis. 

R C is refining capacity, bb! per calendar day 
‘Crude oil and gas liquids are combined under 
production. 

Used for Communist figures 
gathered through published data 


which are 
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Which is the best route to Europe? Should gas lines from French 

Sahara go through Gibraltar or Cartagena? Should the oil from Libya 

move directly to Sicily or go around by Tunisia? Here’s a good view of the 
2790-mile crude oil Comecon line from Russia’s “Second Baku’ to the 
perimeter of Western Europe. Map is from article by Dott. Ing. M. Monti. 


pared to 150 in 1959. This added 140 
new producers, bringing total producers 
to 322. There is a great deal of explora- 
tion: 10 crews worked 30 party months 
on surface geology. There were 174 
party months reflection seismic; 73 
party months refraction seismic; 28 
party months gravitimeter — a total of 
275 party months. 

Societe de la Raffinerie d’Alger is 
constructing the first refinery at Maison 
Carree, Algiers. The 50,000 b/d plant 
will have an atmospheric distillation 
unit and a catalytic reformer to process 
Hassi Messaoud crude and Hassi Rmel 
condensate to meet the main product 
requirements of the expanding Algerian 
market. Estimated cost is $47.6 million. 
Owners are: CFP 23.8%, Shell 21%, 
Jersey 16.2%, CFR 14%, BP 12%, 
Beryl Algerie 7%, and Mobil 6%. 


Three pipelines are under construc- 
tion: (1) a 30-in. crude oil line from 
Ohanet oil field 275 miles north to the 
Hassi Messaoud terminal of the line 
to Bougie; (2) the gas line from Hassi 
Rmel, 24-in. to Arzen and 16-in. on to 
Algiers; and (3) an 8-in. condensate 
line from Hassi Rmel to the Hassi Mes- 
saoud terminal. 

In 1960 the $100 million pipeline 
from the Edjele area to the Tunisian 
port of Skirra was completed and by 
the end of the year some 140,000 b/d 
were flowing through the 24-in. 491- 
mile pipe. Now these eastern fields, 
Edjele, Zarzaitine, and others of 
CREPS (RAP 51%, Shell 35%, others 
14%) can go to market. Known re- 
serves here are over a billion barrels. 

Reserves: About 4 billion bbl now 
recoverable, including condensate. Nat- 
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ural gas reserves, 18 trillion cu ft. 
Consumption: Some 52,000 b/d, an 
increase of 19% over 1959. 


ANGOLA 
Prod. 1300 b/d (1) R C 4000 b/d 
Runs 3600 b/d 


Companhia de Petroleos de Angola, 
a subsidiary of Petrofina and the Ango- 
lian government, now has four fields 
producing in this West Coast Africa 
Portuguese territory. These are Ben- 
fica, discovered in 1955; Luanda, 1957; 
Cacuaco, 1958 and Galinda in 1959. 

Wildcatting and development drill- 
ing were continued with 4 rigs (3 heavy 
and | medium); 161,360 ft were drilled 
in 15 wells resulting in completion of 
one oil well in the Galinda field. Some 
oil shows have been observed in sev- 
eral wildcats. 

A pipeline was laid from the new 
field at Galinda to the coast. In the 
Luanda field there is a gas line and a 
crude oil line connected with the re- 
finery on Luanda Bay. 

In the enclave of Cabinda, which is 
north of Angola on the Congo river 
but divided from it by the Congo Re- 
public, Gulf Oil Company is exploring 
its concession granted in 1957. 

Reserves: 30 million bbl. 

Consumption: Estimated at 4980 
b/d (inland and bunker), up 24% 
from 1959. 


ARGENTINA 
Prod. 175,340 (14) R C 252,000 b/d 
Gas 50,000 mcf/d Runs 233,000 b/d 


President Frondizi took his new 
petroleum development program 
farther into the private sector when 
Yacimientos Petroliferos Fiscales in 
August invited foreign oil companies 
to submit bids for areas anywhere in 
the country. It was suggested that the 
companies offer YPF an interest, but 
this was not mandatory. Following this 
announcement came a political disturb- 
ance and action was postponed. Just 
before the year’s end the state-owned 
company’s board of directors resigned 
in protest for turning over YPF areas 
to private industry. 

YPF in 1960 signed a new contract 
with the Italian SAIPEM (ENI) which 
requires the latter to finance its well 
drilling program for 7 years and ex- 
pands that program to 600 wells. Also, 
YPF accepted a l-year $30 million 
credit from Shell, half of which is to 
cover products previously purchased by 
YPF from Shell and the remainder to 
be used at YPF’s discretion. Part of 
a $100 million credit from the USSR 
is used to buy Russian drilling equip- 
ment. 

In 1960 YPF made a contract to 
supply ANCAP, the Uruguayan state 
oil company, with “% of the latter’s 
crude oil needs 1961 to 1963. This will 
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amount to about 1% million bbl-yr. 
Most of it will be taken from the Tierra 
del Fuego fields at the southern tip of 
Argentina where Tennessee Argentina 
has developed production. Tennessee, 
subsidiary of Tennessee Gas Transmis- 
sion, undertook to explore 3.5 million 
acres for a period of 25 years in the 
first 10 of which the company would 
invest a minimum of $20 million in- 
cluding $4 million in exploration and 
$6 million in development by the end 
of the third year, but action has far 
surpassed the plans. At the end of the 
year there were some 45 wells in the 
area, producing some 20,000 b/d. 

Argentina is finding that the drilling 
program is not self-financing. Value of 
the oil produced does not meet drill- 
ing payments; in fact, it is less than 
half. This is one reason for the an- 
nounced program to allow private 
companies direct participation rather 
than to depend entirely on drilling 
under contract. Over 1000 wells were 
drilled in 1960. 

Several pipelines were built. A 3-mile 
14 in. crude oil line for loading ocean 
tankers while at anchor offshore Tierra 
del Fuego was built by Tennessee Gas 
Transmission. 

Standard Indiana completed the 83- 
mile 12-in. and 14-in. crude pipelines 
from Anticlinal Grande and Cerro 
Dragon fields to Comodoro Rivadavia 
on the East Coast. Cap-city is 50.000 
b/d. This was part of Standard’s 1959 
contract with YPF. At the end of the 
year 213 wells were producing in the 
area, all drilled by Standard at its own 
risk. The company receives $1.60/bbl. 

A gas line from the fields on the 
Southern Flank of Comodora Rivada- 
via to Buenos Aires is planned to carry 
up to 530 million cu ft/day. Estimated 
cost is between $300 and $400 million. 
Bids for the pipeline were submittcd by 
SAIPEM and by a subsidiary of Texas 
Eastern Transmission, Gasodar. A third 
bid was submitted by TIPSA, represent- 
ing a group of U. S. companies, which 
offered to provide two 12,000-ton 
methane tankers, plants for liquefying 
gas, and storage. 

A $70 million petrochemical com- 
plex to supply Argentina’s major needs 
for synthetic rubber, benzene and 
chemical intermediates will be built at 
San Lorenzo, a Parana River port about 
250 miles northwest of Buenos Aires. 
First of its kind in Argentina, the plant 
will be financed and constructed by 
Petroquimica Argentina, S. A. 
(PASA), an Argentine company owned 
by Conoco, Cities Service, U. S. Rub- 
ber, Witco Chemical and Fish Inter- 
national. The project will save 
Argentina more than $25 million an- 
nually in foreign exchange. In addi- 
tion, it will provide 700 new jobs in 
Argentina, 90% filled by nationals. 
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Briefly, refining construction 
includes: Diadema Argentina, Buenos 
Aires, a new 33,000 b/d crude distil- 
lation unit and a 16,000 b/d catalytic 
cracker. Scheduled completion in mid- 
1962. YPF, a 3150 b/d naphtha re- 
former at Chachapoyas; a new 20,000 
b/d refinery at Camp Duran to be 
completed in 1962; expansion of crude 
capacity from 15,000 b/d to 40,700 
b/d at Mendoza. 

YPF began paying taxes collected 
on sales of petroleum products to the 
National Highway Agency after 
August 1. This fund is to be used for 
highway construction. 

Reserves: Crude oil 
billion bbl. 

Consumption: 240,000 b/d inland; 
4000 b/d bunker. 


about three 


AUSTRALIA 
(7) RC 245,300 b/d 
Runs: 228,770 b/d 


For a complete review you are refer- 
red to Mr. J. M. Rayner’s article in 
our April issue. 

Extensive exploration is planned in 





EDITOR'S NOTE: 


For information in this survey we are 
indebt-d to government authorities, to 
the companies operating in the various 
places listed, to World Petroleum Sta- 
tistics and International Petroleum 
Trade, (Bureauv of Mines, Division of 
Petroleum) to United States embassies 
in foreign countries. Information con- 
cerning all communist countries was 
translated from their publications and 
summaries written by Charles L. Adams. 











1961 on concessions that cover half of 
Australia (1% million square miles) 
and are held by some 60 companies. It 
is expected that about 20 wells will be 
drilled in the Eastern part of the 
country following surveys by 12 seismic 
parties in 1960. Union Oil of California 
(operator and 40% owner of conces- 
sion) drilled to 12,035 ft in Surat Basin, 
Queensland. Cabawin No. 1, which had 
encouraging reports, is being tested. 
This is a joint venture with Kern 
County Land Company and Australian 
Oil and Gas Corporation. 

Briefly, refining and petrochemical 
construction includes: 

Western Australia: British Petro- 
leum, Kwinana, 2000 b/d lubricating 
unit, $20 million. 

New South Wales: Shell, Clyde, 
24,000 b/d catalytic cracking and ethy- 
lene plant; Imperial Chemical (Shell- 
Icianz), Botany, new polyethylene 
plant, $2 million; Australian Oil (Cal- 
tex), Kurnell, double crude capacity 
to 90,000 b/d; Caltex (50%) Sleigh 
(25%) and Ampol (25%), Kurnell, 
2700 b/d lubricating refinery, $27 mil- 


lion; Bitumen & Oil Refineries, Matra- 
ville, 4600 b/d fluid catalytic cracker; 
Monsanto-Petroleum & Chemical Corp. 
of Australia, Silverwater, styrene plant. 

Victoria: Shell Refining, Geelong, 
80,000 T/yr lubricating plant, $13.5 
million; Shell Chemical, Geelong, 
12,000 T/yr detergent alkylate plant; 
Vacuum Oil, Altona, 20,000 T/yr ethy- 
lene and butadiene, part of $50 million 
complex; Australian Synthetic Rubber, 
Altona, 30,000 T/yr synthetic rubber; 
Union Carbide Australia, 15 million 
lb/yr polyethylene; Dow Chemical and 
Colonial Sugar Refining Chemicals, 
Altona, styrene monomer and ethylene 
dichloride. 

South Australia: Vacuum Oil, near 
Adelaide , 38,000 b/d $35 million, 
begins in 1961. 

Queensland: Ampol, near Rock- 
hampton, $40 million refinery planned; 
Amoco Australian (Standard Indiana), 
Brisbane, 15,000 b/d refinery, $20 
million, complete in 1966. 

In 1960 an average 232,125 b/d of 
crude oil was imported and 26,712 b/d 
products. Exported were 31,726 b/d 
products. 

Consumption: including refinery 
fuel, 228,502 b/d. This is an increase 
of 11% over 1959. 


AUSTRIA 
Prod. 48,970 b/d (8) R C 46,000 b/d 
Gas 143,000 mcf/d Runs 39,000 b/d 


Austria can boast of one of the most 
efficient operations of any country. 
OMY, Austrian oil administration, 
which took over the oil industry from 
the Russians has most of the produc- 
tion with RAG (Mobil-Shell) and 
Van Sickle producing about 5%. OMV 
does not do any marketing and Mobil 
and Shell handle the bulk of this. 

Some 85% of production comes 
from Matzen field where a new water- 
flooding project has been installed and 
in the lower part a gas repressuring 
system has been put in where gas was 
discovered. 

Gas production has risen rapidly. 
This year’s production is about a third 
more than last year. Most of the gas 
comes from Zwerndorf field of which 
two-thirds is in Austria and one-third 
in Czechoslovakia. Another gas field 
has been discovered at Aderklaa, not 
far from Vienna, which can be pro- 
duced after a desulphurization plant is 
built. 

At the end of the year the refinery 
of Schwechat was put onstream. It was 
constructed adjacent to the old refinery 
and has a crude distillation unit with a 
capacity of 35,000 b/d, a Platformer 
Unifying unit with 7000 b/d capacity. 

Reserves: 285 million bbl crude oil 
and 900 billion cu ft of gas. 

Consumption: Inland: 56,500 b/d, 
up almost a fourth from 1959. 
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BAHAMAS 
Very little was done in this area in 
1960. Concessions are held by Stand- 
ard of California, Gulf, Sun and 
Bahama National Oil of California. 
Consumption: Inland and bunker; 
1250 b/d. Products shipped in. 


BAHRAIN 
Prod. 45,083 b/d (1) R C 186,500 b/d 
Runs 208,000 b/d 


In 1960 only one new well was drilled 
in the Bahrain field bringing producing 
wells to 150 oil and 5 gas for Bahrain 
Petroleum (Caltex). 

All of Bahrain including islands, 
waters and submerged lands are in one 
concession here which expires 2024. 

In October the company spudded in 
an Offshore wildcat, Jarim No. 1, 14 
miles north of Manama. No additions 
were made to the refinery. After all 
Bahrain production is charged, Saudi 
Arabian crude makes up the balance. 

Consumption: 15,000 b/d, including 
bunkers. 


BARBADOS 
(1) RC 1000 b/d 
Runs 800 b/d 


Since the deep well drilled by Gulf 
and Kerr-McGee in the Scotland dis- 
trict, was plugged early in 1959, there 
has been little activity in Barbados. 

Barbados Union Oil Company, Ltd. 
modernized an old refinery at Bridge- 
town, Barbados, installing 1000 b/d 
crude still and vacuum distillation for 
asphalt products. Mobil has acquired 
full ownership of Barbados Union. 


BELGIUM 
(6) R C 160,000 b/d 
Runs 138,000 b/d 


No crude petroleum or natural gas 
is produced in Belgium as yet, but 
research permits have been requested 
by various companies. Two were 
granted: One in the north to SCREM 
(owned by local coal interests) and 
the other in the Entre Sambre and 
Meuse districts to Royal Dutch/Shell. 
Two other requests are under study. 

Of the six refineries in Belgium, five 
are in Antwerp and one in Ghent. 
Crude oil is imported mostly from the 
Middle East. Since there are no pipe- 
lines in Belgium, imported petroleum 
products are chiefly transported to 
Antwerp by waterways. Products are 
distributed by most companies belong- 
ing to international groups, including 
Petrofina, the largest Belgian oil firm. 

Press reports reveal that Monsanto 
Chemical and Societe Industrielle de 
la Cellulose, S.A., plan to build a plant 
at Ghent to be completed in 1961. It 
will produce polyvinyl butyral sheets. 

In 1960 Belgium put a special tax 


on heavy fuel oil of about 5%, to be 

used for coal industry subsidies. This is 

on top of normal fuel oil taxes. 
Consumption: 133,000 b/d. 


BOLIVIA 
Prod. 8710 b/d (5) R C 12,400 b/d 
Gas 4500 mcf/d Runs 6500 b/d 

Bolivia plans to spend $11.5 million 
to build up reserves and facilities for 
the state oil company, Yacimientos 
Petroliferos Fiscales Bolivianos. 

The U. S. government had never 
given financial aid to a state oil com- 
pany until it granted Bolivia $6 mil- 
lion for the purchase of UV. S. oil equip- 
ment. YPFB already owes $5 million 
to oil equipment suppliers. The U. S. 
also agreed to finance a $25,000 study 
of YPFB’s organization, operations, 
and prospects. In addition Bolivia 
hopes for Russian aid to develop oil. 

Gulf Oil made a major discovery 30 
miles northwest of Santa Cruz on a 
1,250,000-acre concession, granted in 
1956. Two producers were completed 
in 1960 and recently a third well on 
the 10-mile Caranda structure tested 
1570 b/d of 51 API gravity through 
a %-in. choke from 3600 ft. 

Of the 9 rotary rigs in operation, 


Gulf has three of them. Other private 
companies are in the area and some 
expensive exploration (estimated at 
$100 million) has been carried out 
without a great deal of success. 

A 215-mile, 10-in. crude oil line be- 
tween Sisasica, terminal of pipelines 
from the fields, and Arica, Chile was 
completed in 1960. Highest in the 
world, the pipeline crosses the Alps at 
14,000 ft. 

All refineries belong to YPFB. 

Reserves: 100 million bbl oil, 27 bil- 
lion cu ft of gas. 

Consumption: 6110 b/d. 


BRAZIL 
Prod. 79,275 b/d (9) R C 218,000 b/d 
Gas 30,000 mcf/d Runs 178,000 b/d 


Extensive exploration by the state- 
owned Petrobras has not had the de- 
sired results for Brazil. Last year 
brought a report from the company’s 
top geologists and Walter Link, a 
U. S. consultant, that they had no 
great expectations of large reserves in 
Brazil. Only the Reconcavo Basin was 
considered a first class area, where the 
country’s only oil production is lo- 
cated. Outside this Basin some $300 
million has been spent on exploration 
within 5 years with very little to show. 
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At the end of 1960, the Brazilian con- 
gress had set up a committee to inquire 
into oil policy and operations. 

All new officers were appointed for 
Petrobras. President Geonisio Barrosa 
replaced Idalio Sardenberg. 

Drilling reached 238 wells in 1960 

Petrobras plans adding a 10,000 
b/d crude unit at its Mataripe refinery 
and is constructing a 90,000 b/d re- 
finery at Rio de Janeiro. This will be 
completed this year and will bring the 
country to self-sufficiency in refining 
capacity for major products. 

The Italian government has allowed 
$20 million in credits for Italian oil 
equipment. National Petroleum Coun- 
cil of Brazil has also authorized Petro- 
bras to construct a 90,000 b/d refinery 
in Porto Alegre and a 24,000 b/d re- 
finery in Bello Horizonte. 

Brazil’s imports bill for crude oil is 
almost $300 million a year. An agree- 
ment with Russia brings in about 8000 
b/d crude oil. 

Reserves: 700 million barrels of oil, 
500 billion cu ft of gas. 

Consumption: 270,000 b/d, some 
21% higher than in 1959, 


BRITISH BORNEO 
Prod. 96,100 b/d (1) R C 45,300 b/d 
Gas 145,000 mcf/d Runs 44,000 b/d 


For the first time in 10 years, Shell 
output dropped below 100,000 b/d. 

Brunei. Most oil and all gas produc- 
tion is from Seria field. Jerudong has 
about 350 b/d output. 

Sarawak. Only refining is Sarawak 
Shell Oilfields Ltd. plant at Lutong 
near the Miri field which produces a 
little over 1000 b/d. 

North Borneo. The British Borneo 
government after some discussion with 
Teikoku Oil Company of Japan has 
granted a permit for a survey in the 
eastern part to study prospects of oil 
and gas. 

Reserves: 500 million barrels of oil, 
3 billion cu ft of gas. 

Consumption: 7000 b/d 
2850 b/d bunkers. 


inland; 


BRITISH GUIANA 


Concessions in this South American 
territory (east of Venezuela) held by 
California Oil (SoCal) expired on 
April 15, 1960, and were not renewed. 
McBride Oil and Gas of San Antonio, 
Texas, has a concession of 4000 sq 
miles offshore. 

Work of the British Guiana Govern- 
ment Geological Department in the 
coastal areas is continuing and has re- 
vived some interest. Director of the 
survey said that a number of inquiries 
had been received from oil companies. 

Consumption: Inland and bunker, 
4200 b/d which is about 20% higher 
than 1959. 
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BRITISH HONDURAS 
Four oil companies have carried out 
exploration work, including drilling. 
Until last year 11 wells were drilled, 
all dry. Gulf (operating for itself and 
Shell) drilled most wells, SoCal and 
Sinclair-BP both did geological work 
and Phillips drilled two dry holes. 
Consumption: 3000 b/d. 


BULGARIA 
Prod. 4700 b/d ? R C 2500 b/d ? 
Runs 1600 b/d ? 

Bulgarian dependence on Russian 
oil increases each year — and the situ- 
ation is in full accordance with Soviet 
bloc planning. Under the Comecon 
(Council for Mutual Economic Assis- 
tance) setup, each European Commu- 
nist nation (under Moscow’s overall 
direction) is supposed to concentrate 
on the types of production to which it 
is best suited. Russia can transport oil 
products across the Black Sea to Bul- 
garian ports cheaper than Bulgaria can 
produce and refine its own crude. This 
deprives Bulgaria of oil exploration in- 
centive. 

Bulgarian imports of Russian oil 
products reached a record peak of 
559,000 metric tons in 1959 compared 
with 423,000 tons in 1958. Still larger 
Bulgarian purchases of Soviet refined 
products were planned in 1960. 

Meanwhile, Bulgarian crude output 
in 1960 remained virtually unchanged. 
Refining capacity continued below 
crude production although a new 
20,000 b/d plant is said to be under 
construction. One result was that while 


to be doubled in capacity to about 
10,000 b/d. Cost is estimated at $8.5 
million. 

A $2.5 million pipeline will be con- 
structed from the refinery to carry 
products across Rangoon River. 

Reserves: 43 million bbl oil. 

Consumption: 8,600 b/d, up 9%. 


CANADA 
Prod. 524,168 b/d (43) RC 947,700 b/d 
Gas 1,635,358 mcf/d Runs 757,848 b/d 

Early this year the Canadian Gov- 
ernment set production targets for the 
oil industry at 640,000 b/d in 1961 
and 800,000 b/d by 1963. The increase 
will be more than consumption in- 
crease. Production of all liquids was 
up 34% % in 1960 over 1959. Natural 
gas output went up 25%. 

In July, 45 geological crews were 
working, the highest number during 
the year. And in the peak month of 
February, 99 geophysical crews were 
operating. Number of drilling rigs were 
down to 176 from 225 at the end of 
1959. However, more wells were 
drilled. In 1960, 2536 were completed 
compared to 2508 in 1959. Of these, 
1773 were producers and 717 were 
dry, 46 were service wells. Outside the 
Provinces of Ontario, Quebec and New 
Brunswick where a few wells are pro- 
ducing, Canada now has 13,155 oil 
and gas wells. 


New refineries include Canadian 
Oil Company which is building a 4000 
b/d plant at Innisfail, Alberta; Irving 
Refining, a 47,500 b/d refinery at St. 
John, New Brunswick; BP, a 25,000 
b/d plant at Ville D’Anjou. 

Probably nothing is more spectac- 
ular than the growth of gasoline plants 
in Canada. The table gives a list of 
those completed in 1960 and those still 
under construction. 

The 856-mile gas transmission line 
to California is still under construction. 
It is estimated that by the end of this 
year, natural gas exports from Canada 
will reach a value of $100 million a 
year. 

Because of production location, 
Canada continues to have a great deal 
of shipping. Crude oil exports are 
114,427 b/d average, while the im- 
ports are 346,514 b/d. Exports of prod- 
ucts are 8717 b/d and imports are 
97,996 b/d average. 

Reserves: Crude oil and liquids, 4217 
million bbl of oil; 30,674 billion cu ft 
of gas. 

Consumption: 847,127 b/d, both in- 
land and bunkers up 2.16% from 1959. 


CAMEROUN 


SEREPCA (owned 54.7% by BRP) 
has only concession. 
Consumption: 2800 b/d. 


WESTERN CANADIAN GAS PLANTS 





Plant Plant Plant Est 


Capacity 


Raw gas__ Residue gas 


Location operator type cost ($000 mmef /d mmef /d Gas sold to:° 


PROVINCE OF ALBERTA: On stream 1960 
Home Oil Re frig 3,750 75 : rCPL 
Cankee Ads: rp 247 3 TCPI 
a pRteamans au " i. Tidal-Cdn. Chf, Adsorp 68 : TCPL 
viding for delivery of Bulgarian crude Canton Sun Oil Adsory 112 7 3 TCPL 
to Italy. Enct ant Sun Oil a iieet 37 P : ! TCPL 

Gilby B-A Oil ‘sorp 174 ‘ TCPL 


Consumption: 13,900 b/d. Gilby Texaco 'sort 154 208 TCPL 
Elkton Cdn. Sup. Cal ‘ompres 1,456 § Reinj 


BURMA Prevo, — Kerr-Me on | i TcPl 
revo rr- cGee rl rt. é it ‘iP 4 
Prod. 9730 b/d = (3) RC 10,200 b/d = tls Lames ; , TCPL 
Runs 10,000 b/d On stream 1961 
The Government of Burma has Black Butt Cdn. Mont 35 
decided to increase its holdings in Crlg wry Jeft. Lake 12,000 
. . = Carstairs Home Oi!* 4,250 
Burmah Oil Company (1954) from Cessford (N Stand. Calif \dsorp 87 
334%4% to 51%, but will not further mer ees yal 
increase its participation for 15 vears. ae why Adsorp = 
a —_ y Stanc alif Adsorp 13 
The remaining shares are held % each _ Elkton Cdn. Sup. Cal. 
by Burmah Oil Company, Indo- Conv. to cycling 
Burmah Petroleum and British Burmah 
Petroleum. 
At the end of the year the company 
had scheduled a deep test near Poga- 
ung, the first in the Tharawaddy dis- 
tric, about 70 miles north of Ran- 
goon. This is the 11th deep test around 
12,000 ft since the company began 
a heavy exploratory program in late 
1957. will spend some $5.6 mil- 
lion a year on exploration for the next 
three years. A gas well discovered at ¢ 
Payagon in the Irrawaddy Delta may 
Abbreviations are for WT Westcoast Transmission Co. Ltd. 


open a new field. eee Stent sTeltieten 1 
= © . NUL Nort est Utilities L itec ; P or < oO *ipeline 
The on pany’s Syria refine is na rthw i ; ie imited CMP ¢ anadian M wtane Pipeline 


Bulgaria bought increasing amounts of 
refined products from Russia, it signed 
. ( arstairs 
a trade agreement in July, 1960, pro- Cessford (NW 
Cessford (E 


CMP 
WT 
A&S 
rcPL 
TCPL 
TCPI 
TCPL 
TCPI 


> OP Or bo ae OF 
on 


Refrig 10,000 Rein) 
Homeglen- 

Rimbey Br. American 
Lobstick Pan American 
Lobstick Pan American 
Leduc.-W Sage Oil 
Savanna Crk, Saratoga 

Jeff. Lake Amine 
Western Lse Absorp & 

amine 6.000 &35t A&s 
Refrig 26,000 14,6007 A&S 
Adsorp 45 40 TCPI 


Refrig 12,000 326 rCcPL 
Adsory 175 5 < A&S 
Refrig 1,000 j f 685 NUI 
Adsor} x0) 1.3 NUL 
0.774 7 58.7 t WT 
Wildeat Hills 


Windfall Pan American * 
Wood River (N) Canex 
On stream 1962 
Waterton Shell 20.000 
Wimborne Mobil 3,000 30 : 95t 
PROVINCE OF SASKATCHEWAN: On stream 1960 
Refrig 2,200 8.5 6.5 85 SPC 
” l 1 590 SPC 


6,500T A&S 
TCPL 


Imperial 
In perial 


Nottingham 
Smiley 





A&S Alberta & Southern Gas Co. Ltd. 
SPC Saskatchewan Power Corporation 
TCPL Trans-Canada Pipe Lines Limited 


Also sulphur 


X Expansion 
2 
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CENTRAL AFRICAN 
REPUBLIC 
[his was formerly a part of French 
Equatorial Africa. A government geo- 
logical survey is being made. 
Consumption: 1000 b/d. 


CEYLON 

A bill has been introduced by the 
Minister of Commerce providing for a 
state-owned company to import and 
distribute petroleum products. It would 
have a capital of about $2 million from 
government funds and would be em- 
powered to requisition facilities re- 
quired to carry out its functions and 
to fix prices for all petroleum products 
sold. 

At present, Shell-BP, Stanvac, and 
Caltex import and distribute. Imports 
have been mostly from the Middle East 
and cost nearly $30 million a year. 
Import duties on gasoline were raised 
in 1960, following a previous rise in 
i959. A barter agreement with Russia 
for oil in exchange for agricultural 
products is mentioned. 

Heavy payments for imported prod- 
ucts will be lessened if a refinery goes 
through. A group has set up a com- 
pany (BP-Shell 60%, Stanvac 20% 
and Caltex 20%) to build a 22,000 
b/d refinery at Colombo. It will cost 
about $30 million. 

Consumption: 
9000 b/d bunkers. 


CHILE 
Prod. 20,000 b/d (2) R C 45,200 b/d 
Runs 27,000 b/d 


A Consultative Commission of 
Energy and Fuels was set up by the 
government with members from Min- 
ister of Mines and ENAP to study and 
advise on patterns of fuel consump- 
tion, utilization of fuels, domestic pro- 
duction and imports, and price poli- 
cies. The Commission will form part 
of the Ministry of Mines. 

Empresa Nacional Del Petroleo 
(ENAP), state-owned company, had 4 
rigs operating in 1960. These drilled 
56 wells in 1960 of which 34 were pro- 
ducers and 22 were dry. By the end of 
1960, in the Tierra del Fuego (south- 
ern tip of Chile) and north across the 
Straits of Magellan, 110 wells were 
producing oil. Three new fields were 
discovered on the mainland — Daniel, 
Posesion and Condor. The Daniel field 
appears to be the best one yet found. 

Three geological crews and 5 geo- 
physical crews operated during 1960. 
Exploratory drilling will begin this year 
in northern Chile. 

Drilling has now started in northern 
Chile where ENAP has spudded its first 
well at Salar de Pintados. The second 
well is planned at Salar de Pedernales. 
In 1961 ENAP expects to spend about 


14,000 b/d, about 


$36 million enlarging its operations. 

A 35-mile 8-in. crude line has been 
laid from Daniel to Belgada and from 
there to Gregorio. A marine loading 
terminal was completed at Gregorio on 
the mainland in 1960. Some gas lines 
are under construction from the Cullen 
field, one going in the direction of 
Chillan-Sara and the other in the di- 
rection of Tres Lagos. 

Reserves: 100 million bbl crude oil; 
gas reserves not estimated. 

Consumption: 47,500 b/d 


CHINESE PEOPLE'S 


REPUBLIC 
Prod. 71,500 b/d ? R C 72,000 b/d ? 
Runs 69,000 b/d 7? 

Communist China reports that crude 
production (including synthetic) set a 
new record of “about 5,500,000 metric 
tons” (110,000 b/d) during 1960 com- 
pared with 3,700,000 tons in 1959. 
Much of the increase was attributed to 
gains made at the Karamai field in the 
Dzungarian Basin of northwest China, 
which “overfulfilled” its goal by 50%. 

However, domestic production still 
lags far behind the nation’s needs. As 
a result, Communist China during 
1959 (last year for which official fig- 
ures are available) imported 636,000 
metric tons of crude and 2,412,000 
tons of products from Russia. 

During 1960, Communist China 
ordered accelerated construction of 
synthetic oil processing capacity to 
augment domestic natural crude pro- 
duction. A “Report on 1960 National 
Economic Plan” said that “small and 





S.A. YEAR BOOK OUT 


“The 1961 Oil Directory of 
Key Personnel in South America 
and Year Book,” published by 
E. Ospina-Racines, has been re- 
leased. There are an estimated 
3000 names and titles of top per- 
sonnel in oil companies, drilling 
contracting firms, equipment and 
supply companies. 

Fifteen countries of Mexico, 
South and Central America are 
included. Data concerns ad- 
dresses, cables, airmail. tele- 
phone, warehouses, etc. There 
are also complete tables of 1959 
and 1960 oil operations by coun- 
try. Data include: Maps of some 
countries, pipelines, active rigs, 
footage drilled, fields, produc- 
tion, completions, reserves, con 
sumption, runs to stills, ete. 

The directory, which is $28 for 
one copy, can be ordered from 
E. Ospina-Racines, Apartado 
Aereo 49-45, Bogota, Colombia. 
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medium-sized synthetic oil plants must 
be actively built.” 

Despite increased output by both 
shale oil and coal oil plants during 
recent years, the proportion of synthetic 
oil to total Communist Chinese oil pro 
duction dropped from 55% in 195: 
to 35% in 1958. 


, 


Communist China says it has about 
950 oil exploration parties working in 
34 areas of the country 

Reserves: 700 million bbl 

Consumption: Estimated 
b/d of which 115,000 b/d are petro 
remainder syn 


170.000 


leum products, the 


thetic 


COLOMBIA 
Prod. 152,378 b/d (5) RC 75,000 b/d 
Gas 226,198 mcf/d Runs 67,866 b/d 

Iwo oil discoveries in 1960 encour 
aged greater activity, then early this 
year the oil code was amended to make 
it more difficult for companies to oper- 
ate in Colombia. Among the changes 
are higher royalties, shorter contract 
periods and higher rentals (to acceler- 
ate exploration) and modifications in 
the application of the depletion allow- 
ance. Just how this will work out, of 
course, can only be seen in the future 
One firm, Ambassador Petroleum, 
pulled out in 1960 after drilling 2 dry 
holes. 

E. Ospina-Racines, editor of Colom 
bian Oil-News Digest, reports 32 rigs 
operating—7 on wildcat locations, 6 
on field wells and 19 on service work 
Of the 173 wells completed in 1960, 
9 were oil producers, 5 gas, 32 injec- 
tion wells and 57 dry holes 

Iwo promising discoveries are Tex- 
aco’s Guavio well, east of Bogota, the 
first oil found in the Llanos (eastern 
plains) and Sinclair’s Santos well 
northeast of Barranca in the Mid 
Magdalena Valley. A third discovery 
was made by Texaco in the Upper 
Magdalena Valley. 

Four companies have most of the 
production: 

Colpet 


Texaco 


45,710 b/d 
40.133 b/d 
Shell 38,524 b/d 
Ecopetrol 27,467 b/d 
Colpet is Socony and Texaco. Eco 
petrol is the state-owned company that 
took over De Mares from International 
(Esso) when the concession reverted 
to the state. Forest Oil was retained to 
engineer a secondary recovery project 
at De Mares which has been so suc 
cessful that the government renegoti 
ated the contract paying Forest $6 
million in settlement 
Colombia’s refineries keep up with 
[The two 


integrated ones (there are also 3 top 


consumption of oil products 
ping plants) are adding petrochemical 


plants. At the International refinery 
near Cartagena, a new firm formed by 
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International and a number of other 
interests will build a plant to manufac- 
ture fertilizers, etc. Ecopetrol will add 
a similar plant at its Barranca refinery. 

A 137-mile 10-in. gas line is being 
constructed from Cicuco field (Colpet) 
to Barranquilla by Colpet. Three prod- 
uct lines are underway. 

In 1960 crude oil exports brought 
Colombia nearly $80 million; bunkers 
more than $8 million. This is about 
8% more than in 1959. 

Reserves: 700 million bbl oil. 

Consumption: 55,100 b/d inland, 
4% above 1959, and 11,000 b/d 
bunkers. 


CONGO, Republic of 

Prod. 1670 b/d 

This was formerly Middle Congo 
(west of Belgian Congo) of French 
Equatorial Africa. Oil search is carried 
on by French SPAFE on a concession 
held with Mobil. (See Gabon.) 

Reserves: 5.6 million bbl oil and 14 
billion cu ft gas. 

Consumption: 1200 b/d. 


CONGO, Republic of the 

This is the former Belgian Congo. 
Following the convention signed in 
June 1959 between the government of 
Republic of the Congo on one side and 
Petrobelge (Petrofina, 25%) and 
Forminiere on the other side, a com- 
pany called “SOCOREB” (Societe 
Congolaise de Recherches et d’Exploi- 
tation Petrolieres) was formed in May 
1960 by Petrobelge, Forminiere and 
several other companies in order to 
carry on the work of the Bas-Congo 
(Lower Congo) concession. 

Operations were continued through 
1960 and rose to 6 geological party 
months, 6 seismic party months and 5 
gravity party months. The gravity work 
covered the whole concession includ- 
ing the Congo River. 

Gulf Oil (724% %) and SYMAS, a 
Belgian firm, (272%) has an off- 
shore permit. 

Most oil imports go to the petroleum 
port of Matadi at the mouth of the 
Congo River. From there small prod- 
ucts lines carry them to Leopoldville. 
Largest oil distributor is Petrocongo 
(Petrofina). Others include Shell, Mo- 
bil, Texaco, and recently BP and Esso. 
Political confusion and unrest have 
made communication difficult. The gas 
deposits found at Lake Kivu have still 
not been thoroughly tested. 

Consumption: 8800 b/d. 


COSTA RICA 
Back in 1956, Union Oil Company 
of California found oil that did not 
turn out to be commercial. The com- 
pany drilled 12 wells —all dry and 
abandoned. At the present time, one 
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POLITICAL DIVISIONS OF AFRICA’ 


INDEPENDENT STATES (in chronological order) 


Date of 
inde 
pendence Capital 


Addis Ababa 


Country 


Since an- 
cient times 
1847 


Ethiopia (includes Eritrea) 


Monrovia 
Pretoria and 

Capetown 
Cairo 
Tripoli and 

Benghazi 
Khartoum 
Rabat 


Liberia 

Union of South Africa (includes 
Walvis Bay) 

United Arab Republic (Egyptian Region) 

Libya 


1910 
1922 
12-24-51 


The Sudan 
Morocco 


Tunis 
Accra 


Tunisia 
Ghana 


Conakry 
Yaounde 
Lome 

Dakar 
Dakar 
Bamako 
Tananarive 
Leopoldville 
Mogadiscio 


Guinea 
Cameroun 
Togo 
Federation of Mali 
a. Senegal 
b. Soudan 
Malagasy Republic (Madagascar) 
Republic of the Congo (Belgian Congo) 
Somali Republic (Somalia and British 
Somaliland) 
Dahomey 
Niger 
Upper Volta 
Ivory Coast 
Republic of Chad 
Central African Republic 
Republic of Congo 
Gabon 
Nigeria 
Mauritania 
Sierra Leone 


Porto-Novo 
Niamey 
Ouagadougou 
Abidjan 
Ford Lamy 
Bangui 
Brazzaville 
Libreville 
Lagos 
Nouakchott 
Freetown 


SSSesssseEss 


82 eo Oe we © ow O&O oo 


my 
~~ OK SS Ww SS So we 


o 


Area? Popula 


1000 
sq. mi. (1000) 


tion? 
Former legal status 


455 21,600 


43 1,250 


472 14,673 
386 25,032 


679 
967 
174 10,330 


48 3,880 
92 4911 


95 2,707 
167. 3,187 
22 ~—«:1,100 
541 6,850 
76 2,550 
465 
228 
905 
246 =: 1,980 


459 


Private colony 


British colomes, independent republics 
British protectorate 


1,153 
11,390 


France and Britain—trusteeship 

Anglo-Egyptian condominium 

French and Spanish protectorates 
International Zone of Tangier 

French protectorate 

British colony and protectorate, British 
U.N. trusteeship (British Togoland) 

French overseas territory 

French U.N. trusteeship 


None 

Autonomous member, French Community 
4,300 : 
5,184 

13,653 Belgian colony 

Italian U.N. trusteeship and British pro 
tectorate 

1,725 Autonomous member, French Community 

2,555 

4,000 


125 3,103 


495 
242 


2,600 
1,177 


135 795 
102 421 


339 
419 725 
28 8=2,260 


33,663 British colony and protectorate 
Autonomous member, French Community 


British colony and protectorate 


OTHER TERRITORIES (Grouped by metropole) 


Territory Capital 
FRANCE 
Algeria ” 
Comoro Islands Dzaoudzi 
Europa, Juan de Nova, Bassas da India, Iles (*) 
Glorieuses, etc 
French Somaliland 
Reunion 


Djibout: 
Saint Denis 


PCRTUGAL 

Angola (includes Cabinda) 

Cape Verde Islands 

Mozambique 

Portuguese Guinea 

Sao Tome and Principe (includes Sao Joao 
Baptista da Ajuda) 


Luanda 

Praia 

Lourenco Marques 
Bissau 


Sao Tome 


SPAIN 
Ceuta (‘) 
Fernando Poo (includes Annobon, and 

adjacent islands) Santa Isabel 
fri Sidi Ifni 
Islas Chafarinas (*) 
Melilia (“) 
Penon Velez de la Gomera (*) 
Penon de Alhucemas (*) 
Rio Muni (Rio Muni, Corisca, Great Elobey 

Little Elobey, and adjacent isiands) 
Spanish Sahara (Rio de Oro and Sekia 

el Hamra) 


Bata 
Villa Cisneros 


UNION OF SOUTH AFRICA 


South West Africa Windhoek 


' Prepored in the Africa Division of the Office of 
Research and Analysis for the Mid-East and Africa 
U. S. Department of State, Aug. 17, 1960 
Area figures from Encyclopedia Britannica World 

Atlas, 1960. 

Population figures from Population and Vital Sto 

tistics Recort, Apr. 1, 1960, United Nations, N.Y 
* No capita! 


Area? 


920 
l 
(°) 


481 


298 
14 


Pop? Present status 


10,265 15 Departments of the French Republic 
182 Overseas territory 
26 Small islands adjacent to Madagascar 
under French minister 
69 Overseas territory 
321 Overseas Dept. of French Republic 


4,508 
192 
6,234 
559 


Overseas province of Portugal 


Spanish possession 


African province of Spain 
African province of Spain 
Spanish possession 


African province of Spain 


554 League of Nations mandate administered 
by the Union of South Africa 


Area under 1000 sq. miles 

Population under 1000. 

Algiers is the administrative capital of the 13 
northern departments; 2 Saharan departments 
administered by Ministry of Sarhara from Paris 


‘ Plebiscite planned for 1961 to decide future status 


of the British Cameroons with respect to Nigerio 
and Cameroun 
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Geography of Africa must be learned again. Until 
the atlases catch up we believe you will find this a useful 


OTHER TERRITORIES (Grouped by metropole) continued 


Present statUjaa, 


7 


Territory Capital Area’? Pop? 


BELGIUM 

Ruanda-Urundi 

UNITED KINGDOM 

Basutoland 

Bechuanaland 

British Cameroons 

Federation of Rhodesia and Nyasaland 
(Northern Rhodesia, Southern Rhodesia 
and Nyasaland) 

Gambia 

Kenya 

Mauritius (including dependencies) 

Seychelles 

Swaziland 

Tanganyika 

Uganda 

Zanzibar and Pemba 


Usumbura 4,700 Belgian U.N. trusteeship 
Colony 
Protectorate 


British U.N. trusteeship.(* 


Maseru 
Mafeking 
Buea 


Semiautonomous member of Common 
wealth 
Colony and protectorate 


Salisbury 
Bathurst 
Nairobi 

Port Louis 
Victoria 
Mbabane 

Dar es Sa'a-m 
Entebbe 
Zanzibar 


Colony 


Protectorate 
British U.N. trusteeshir 
Protectorate 


General 
Section 
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map to put beside your old one. You'll need it to 
follow the World Round-up. 


geological party is in the field and no 
seismic crews. The 3'2-million-acre 
concession is held by Union, the opera 
tor, and Gulf Oil. 

The government is considering four 
proposals for refineries: Two from 
local companies, one from a group of 
U. S. interests, and one from Phillips 
and Costa Rica interests, 50-50 

Consumption: 3150 b/d 


CUBA 

Prod. 300 b/d ? R C 88,400 b/d 
Runs 70,000 b/d ? 
On June 29 Texaco refinery refused 
to accept delivery of Soviet crude and 
was intervened by the Cuban Govern 
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ment. Two more interventions, of Esso 
and Shell refineries, followed on July 
1. Last year exploration had come to 
a virtual stop in Cuba. About 16 rigs 
were there but only five were reported 
to be operating. We've had no evidence 
of any exploration programs by the 
State Petroleum Company which is in 
charge of all petroleum operations. 

Although Russia has managed to 
import all the crude oil needed for the 
refineries, there has been some trouble 
with finding parts and an explosion 
was reported in one of the refineries. 
Refining capacity remains the same, 
but in recent months runs have fallen 
off considerably 

Reserves: Perhaps 2 million barrels. 

Consumption: 74,000 b/d. 


CYPRUS 


Only exploration license here is held 
by Forest Oil Corporation of Bradford, 
Pennsylvania. No additional work was 
done by the company in 1960. After 
the change-over from British Colonial 
Government to a Republic in August, 
1960, the permit to Forest was re- 
newed but necessary arrangements to 
set up an exploration program were 
not completed. 

Consumption 
bunkers. 


CZECHOSLOVAKIA 
Prod. 23,000 b/d ? R C 44,000 b/d ? 
Gas 43,000 mcf/d ? Runs 42,000 b/d ? 

Before the end of 1961, Russian 
crude is expected to start flowing into 
Czechoslovakia through the Comecon 
pipeline from the USSR’s enormous 
“Second Baku” fields. Czechoslovakia 
will be the first of four European satel- 
lites to get crude via this pipeline. 

Last year, Russia and Czechoslo- 
vakia signed an agreement providing 
that USSR will deliver 22 million tons 
of crude to Czechoslovakia in the 
1961-1965 period. Most of this crude 
will reach Czechoslovakia via _ the 
southern segment of the Comecon sys- 
tem, which will feed a new refinery at 
Bratislava on the Danube River. 

Crude imports from Russia rose 
sharply without pipeline transporta- 
tion. They jumped from 1,392,000 tons 
in 1958 to 1,819,000 tons in 1959. But 
the Comecon pipeline is essential to 
Czechoslovakia’s goal of 5,250,000 
tons of imported Russian crude an- 
nually by 1965. 

With a refining capacity large enough 
to handle domestic requirements, Cze- 
choslovakia imports only small quan- 
tities of products. In 1959, the main 
imported products item was 102,000 
tons of Russian gasoline. 

Reserves: About 9 million bbl oil; 
300 billion cu ft gas. 

Consumption: 35,500 b/d oil prod- 
ucts; all gas output 


6400 b/d, including 
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DENMARK 
(4) R C 4700 b/d 
Runs 4094 b/d 

[he four refineries are all specialty 
plants. Denmark’s first integrated re- 
finery is that of Dansk Veedol (Tide- 
water) at Kalunborg. The 20,000 b/d 
plant is scheduled for completion this 
fall. 

[Three others are in prospect. Gulf 
Oil will begin construction of a $20 
million, 30,000 b/d refinery this year 
at Stigsnaes, on the southwest coast 
of the island of Zealand. Gulf’s first 
refinery in Europe, it should be finished 
at the end of 1962. Recently Shell 
bought a site for a refinery at Freder- 
icia Norremark in Jutland. Caltex has 
also shown an interest in building a re- 
finery in Denmark and this may also 
be in Jutland. 

The specialty plants are: Maersk 
Pyrolyses plant of 3000 b/d which 
charges Venezuelan naphtha to make 
ethylene, LPG, and town gas for 
Copenhagen; the Kalunborg Olieraffin- 
aderi, 640 b/d (asphalt); and two 
other small plants, each of which pro- 
duces annually about 1300 tons of 
lubricating oil. 

Exploration here has about come to 
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a halt. Last concession was surrendered 
in 1958. 

Consumption: Inland, 98,592 b/d, 
which is 12.3% more than in 1959. 
Bunker, 4663 b/d, 442% above the 
year before 


DOMINICAN REPUBLIC 


Petrolera Dominicana, C. A. has the 
only concession here. The company 
was organized by W. D. Pawley of 
Miami, Florida, and is owned by both 
U. S. and Dominican interests. Seismic 
work and a one-rig drilling program is 
in progress. 

Consumption: 7050 b/d. 


ECUADOR 
Prod. 7670 b/d (2) R C 13,700 b/d 
Runs 11,600 b/d 


After a disappointing exploration 
program, California Ecuador Petro- 
leum (Standard of California), gave 
up its concession at the end of 1960. 
Operating since 1953, the company 
drilled one well on land and 3 wells off- 
shore at a cost of $6.5 million without 
finding oil in commercial quantities. 

Ecuadoriana de Inversiones y Explo- 
taciones, S.A. (EDIESA) has an oil 
concession of almost a million acres, 
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on and offshore. It is interested in sell- 
ing oil rights or arranging a partner- 
ship for investment capital to develop 
the concession. Some preliminary ex- 
ploration work has been done. 

Only producing companies are 
Anglo-Ecuadorian Oilfields (Lobitos 
Oilfields 35%, Esso 19%, etc.) which 
has most of the production; Tennessee 
del Ecuador (Tennessee Gas Trans- 
mission) with about 600 b/d produc- 
wion. 

There are 6 rigs in the country, 5 
of them belonging to Anglo-Ecuador- 
ian. Of the 75 wells drilled in 1960, 
the 65 producers bring total produc- 
ing wells to 1677. At present two 
geological crews are operating but no 
geophysical work is being done. The 
U. S. Embassy reports, however, that 
local oil industry agreed to spend about 
$6 million in exploration in 1961. 

Reserves: Presently recoverable 15 
million bbl of oil. 

Consumption: Inland, 9132 b/d, 
which is about 3.2% above 1959. 


EGYPT 
(United Arab Republic) 
Prod. 67,700 b/d R C 96,000 b/d 
Runs 79,000 b/d 

Our production figure last year was 
69,100 b/d but this should have been 
59,100 b/d. In 1960 output went up 
15% to 67,700 b/d. 

Most important production comes 
from the Belayim field discovered in 
1955 by Orientale des Petroles in 
which ENI, Italian state company, and 
Petrofina, private Belgium company, 
held shares with the Egyptian State and 
other private interests. Petrofina with- 
drew from Egypt in 1960. Anglo- 
Egyptian Oilfields (Shell and BP 
30.9% Egyptian government 
9.6%, etc.) has some of the older 
fields on the Red Sea as does Mobil. 
Most of these are in a decline and the 
companies have found it somewhat dif- 
ficult to deal with the new Petroleum 
Code in which the state company is 
given most advantages. 

Anglo-Egyptian Oilfields has the 
largest refinery, 60,000 b/d crude ca- 
pacity, at Suez. Also at Suez is the gov- 
ernment refinery with 30,000 b/d 
capacity. The SERCOP (State 49.4%, 
Caltex 13.3%, etc.) plant at Alexandria 
has a 6000 b/d capacity. Both the 
Government refinery at Suez and the 
SERCOP refineries will have distilla- 
tion plants delivered from Czechoslo- 
vakia with capacity of 20,000 b/d 
each. 

In June, Ministry of Industry at 
Cairo invited offers for petroleum ex- 
ploration concessions in 13 areas of 
the Western Desert next to Libya. 
These concessions could be authorized 
under special terms, exempting some 
provisions of the National Law. How- 
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ever, formation of an Arab company 
for exploitation of any discovered oil 
fields with right of national capital to 
participate is required. 

Egypt spends some $35 million a 
year for oil imports, 8% of the total 
import bill. The Soviet is the biggest 
supplier. In 1959, about 20,000 b/d of 
crude oil, and about 10,000 b/d prod- 
ucts came from USSR and another 575 
b/d products came from Romania. 

Reserves: 500 million bbl. 

Consumption: 94,400 b/d. 


EL SALVADOR 

A 100,000 b/d refinery is to be built 
by Shell at Acajutla, where new har- 
bour facilities are under construction. 
The $10 million plant, the first in El 
Salvador, will have a distillation unit, 
catalytic reformer, and hydrogenation 
treater. It will supply marketing com- 
panies in Ei Salvador, Honduras, Costa 
Rica, Nicaragua. 

Last year Esso was authorized to con- 
struct a refinery in this Central Ameri- 
can country. Now Shell and Esso 
propose to combine ownership in one 
refinery. 

Consumption: 4160 b/d. 


ETHIOPIA 

Two geological crews of the Ger- 
man company, Gewerkschaft El- 
werath, worked on its large concession 
in the Province of Ogaden. This is the 
same area held by Sinclair until 1956. 
Geophysical work began this year 

Consumption: 2000 b/d, slightly 
more than in 1959. 


FINLAND 
(1) R C 25,000 b/d 
Runs 23,718 b/d 


The state company, Neste Oy, sup- 
plies about 24 consumption with its 
Turku refinery. More than half the 
crude oil is imported from Russia and 
the remainder is supplied by Shell and 
Gulf Oil on a 4/5 and 1/5 basis. The 
refinery is being doubled in size. 

The new 1961-1965 trade agree- 
ment between Finland and USSR pro- 
vides for increased deliveries of crude 
and oil products—S5 million tons over 
4 years. This can be more efficiently 
handled when the pipeline from the 
Second Baku to Memel on the Baltic 
is completed. 

Consumption: Has risen sharply in 
the last 10 years. Last year it was al- 
most 4 times what it was in 1950. 
Present consumption is 46,600 b /d in- 
land, and 158 b/d bunkers, up 24%. 


FORMOSA 
Prod. 71 b/d (1) R C 28,000 b/d 
Gas 2500 mcf/d Runs 21,000 b/d 
Still some effort is made to search 
for oil in this unrewarding area. All 
of Formosa’s operations, so far, have 


been in the hands of the Chinese Petro- 
leum Corporation, government indus- 
try. 
Mobil Chemical recently offered to 
build a $17 million urea-fertilizer plant 
in Formosa. It would own majority 
stock and Chinese investors would be 
offered a minority interest. 
Consumption: 19,700 b/d. 


FRANCE 
Prod. 36,900 b/d (14) R. C. 776,000 b/d 
Gas 300,000 mcf/d Runs 635,000 b/d 


One of the marvels of oil history is 
development of oil and gas in the 
French mainland. Exploration activity 
continued at a fast pace in 1960 with 
several small fields showing possibili- 
ties. In the Aquitaine Basin a new gas 
field was discovered at Charlas by RAP 
and a new oil field at Mimizan by Esso. 
In the Paris Basin FROPEX found oil 
at St. Firmin des Bois. COPESEP had 
two discoveries, at Avon la Peze and 
Gisyles Nobles, and PETROREP 
found oil at Montlevee. 

Compagnie Rhenane de Raffinage 
(Shell-UIP-Mobil) is building a 70,- 
000 b/d refinery at Strasbourg which 
will be completed in 1963. 

Raffinerie de Strasbourg S.A. (CFR- 
CFP-Antar-BP) has a 66,000 b/d re- 
finery under construction, also to be 
in service in 1963. 

Polymer Corporation is building a 
10,000 T/yr rubber plant at Stras- 
bourg. 

Omnium Francais des Petroles has 
abandoned its plans to build a refinery 
at Chalons. 

BP’s plant at Dunkirk is being ex- 
panded from 44,000 b/d to 52,000 
b/d. It is being converted from ther- 
mal reforming to distillation. 

Antar P.A. at Donges is replacing 
old facilities with a new distillation unit 
that will increase capacity from 50,000 
to 70,000 b/d. Also a new aromatics 
chemical unit is being installed. 

CFR( 57% CFP) is adding a 50,- 
000 T/yr unit for ethylene at its Gon- 
freville plant. 

Chemical units for aromatics and 
for propylene are being constructed by 
Esso at its Port Jerome plant. At the 
same location United Carbon is build- 
ing a 25,000 T/yr carbon black plant 
and Firestone a synthetic rubber plant. 

A 20,000 T/yr polybutadiene plant 
is under construction at Berre by So- 
ciete des Elastomeres. 

SNPAL is constructing a 70,000 
I ‘yr natural gasoline plant at Lacq. 

In 1960 technical studies and or- 
ganization of the great Marseille-Stras- 
bourg-Karlsruhe pipeline got under- 
way and right-of-way clearance began 
this spring. The 34-in. line will carry 
200,000 b/d crude oil with 3 pump- 
ing stations. This will be increased to 
7 pumping stations and 600,000 b/d. 
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Plans are to extend the line to Ingol 
stedt to supply Bavarian refineries 

Under study is a doubling of the 
Le Havre-Paris products line. 

Reserves: 188 million bbl; 6.8 tril- 
lion cu ft natural gas. 

Consumption: Inland 499,900 b/d 
oil products, up 11.2% from 1959 
Bunkers, 44,100 b/d down 2% from 
1959 


GABON 
Prod. 16,600 b/d 
Gas 720 mcf/d 


Gabon (below Cameroun) and 
Congo Republic, to the East, are being 
explored by SPAFE (BRP), as opera- 
tor, and Mobil. The new discovery at 
Rembo Kotto in Gabon was con- 
firmed. Other wells are being tested 
There are 5 rigs operating in the area 
and last year 34 wells were drilled. Of 
these, 17 were producers. In the 8 
small fields, 70 oil wells and 25 gas 
wells were producing. 

In 1960, geological crews worked 
46 crew months. There were 5 seismic 
crews and | gravitimeter party in the 
field. SPAFE and Shell have applied 
jointly for a 1500 sq mile concession 
offshore. 

Several offshore structures have been 
mapped and plans are to begin off- 
shore drilling in 1961 with Mobil as 
operator. Offshore Drilling Company 
will be contractor. 

Most of the gas is sold for power 
station use in Port Gentil. 

Reserves: 46 million bbl oil; 159 bil- 
lion cu ft gas. 

Consumption: 2800 b/d 


GAMBIA 


(BRITISH) 


A 6-month seismic survey was being 
carried out by contract along the Gam- 
bia River on behalf of BP and the 
French BRP, each of which holds 50% 
in an exploration license covering the 
territory. 

[wo months aeromagnetic work was 
done here and over Senegal. A series 
of stratigraphical tests is planned on 
the Bathurst Peninsula for both Gam- 
bia and parts of Senegal 


GERMANY (East) 
Prod. 100 b/d ? R C 38,000 b/d ? 
Gas 300 mcf/d ? Runs 31,700 b/d ? 


East Germany's crude output is so 
insignificant that it is not even men 
tioned in the Soviet satellite’s reports 
on national production. 

In 1959, East Germany imported a 
record 1,582,000 tons of Soviet crude 
compared with 1,107,000 in 1958 
Products imports from Russia also in- 
creased sharply during 1959 

East Germany is pushing construc- 
tion of its large oil refinery at Schwedt 
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Control room at British Petroleum’s new 80,000 
b/d Dinslaken, Germany, refinery, which went onstream 
last fall. Note flow diagram above controls — more 


on the Oder River, where the northern 
branch of the Comecon pipeline from 
Russia’s Volga-Ural fields will termi- 
nate. The Schwedt refinery—scheduled 
for partial activation in 1963—will 
have an eventual capacity of 160,000 
b/d. A large petrochemical complex 
will be built near. 

Consumption: 12,000 b/d oil prod- 
ucts alone. Most figures include syn- 
thetics. Gas figures include natural and 
synthetic. 


GERMANY (Western) 
Prod. 107,274 (24) RC 809,260 b/d 
Gas 43,340 mcf/d Runs 570,000 b/d 

When Western Germans have the 
time they tell each other this boom can- 
not go on, but the facts show it does. 
In 1958 inland consumption was 
29.5% over 1957. In 1959 it increased 
23.2% over the previous year and last 
year inland consumption went up 
25.6%. Only USA, the UK and Can- 
ada are larger world markets for petro- 
leum products. Crude imports reached 
406,500 b/d. Main crude supplier is 
the Middle East, but also an average 
50,000 b/d came from Venezuela, 
21,000 b/d from the Soviet and other 
quantities from Colombia, Brazil, Al- 
geria, and the Far East. Besides crude 
oil, about 94,000 b/d products were 
needed for consumption. 

Drilling fell off a little, 15% less 
than it was in 1959, A. M. Stahmer of 
the Oil Information Service said that 
the reason for the decline was because 
promising drilling sites in sedimentary 
basins are becoming scarce and also 
because German companies are using 
their funds for exploration in foreign 
concessions. In 1960, he said, German 
companies entered exploration in the 
French Sahara, Libya, Syria, Turkey, 
Lebanon, Canada, Peru, Spain, Austria, 
and Switzerland. Drilling activities in 
Germany were shifted from the Han- 
over area to Weser-Ems. Outside of 
service wells 451 holes were drilled. 
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Of these 75 were wildcats and 12 of 
them, or 16%, were successful (9 oil 
and 3 gas wells). 

Germany’s natural gas production 
increased by nearly 16% in 1960 over 
1959. This rise in output is due largely 
to new pipelines and increased distri- 
bution systems. Natural gas production 
has helped relieve heavy demand for 
energy in Western Germany. 

Western Germany’s refining capacity 
has expanded the startling amount of 
35% in one year. At the end of 1959, 
capacity was almost 600,000 b/d. At 
the end of 1960, it was 809,260 b/d. 
Three completely new refineries were 
put onstream in 1960 — BP refinery at 
Dinslaken and Shell refinery at Godorf 
near Cologne, both 80,000 b/d capa- 
city; and Emden plant of Erdoelwerke 
Frisia with 30,000 b/d capacity. 

Gewerkschaft Deurag-Nerag in- 
creased capacity of its Misburg plant 
by 9400 b/d, Scholven-Chemie added 
6000 b/d capacity. Esso added 2000 
b/d at its Hamburg-Harburg plant and 
Wintershall added 2000 b/d at Salzber- 
gen. The table gives a list of the 24 
oil refineries in operation in Western 
Germany and their capacities. 

Shell has announced a 20,000 b/d 
refinery at Ingolstadt in Bavaria. Con- 
struction scheduled to begin at the end 
of 1961 and completion about the time 
that the projected crude pipeline from 
Karlsruhe to Bavaria is open. This is 
to be an extension connecting with the 
Marseille pipeline. 

Sudpetrol A. G. (ENI 50%, Ger- 
man banks 50%) has plans for a 
25,000 b/d refinery in the same area. 
Sudpetrol is reported to be seeking a 
site in the Stuttgart area for the second 
refinery of about 40,000 b/d. This firm 
expects to build an oil pipeline from 
Genoa through Switzerland and Austria 
to Ingolstadt and Stuttgart. 

Another group of oil corporations is 
said to be interested in constructing a 
Karlsruhe-Ingolstadt pipeline to deliver 


economical. This is one of seven refineries which get 
their crude oil from the new pipeline that 
transports from Wilhelmshaven south to Wesseling. 


oil to planned refineries there. Besides 
Shell, this includes an Esso refinery at 
Karlsruhe of 72,000 b/d capacity and 
a 40,000 b/d refinery of DEA-Gelsen- 
berg-Mobil-Wintershall-Scholven. 

Gelsenberg Benzin A.G. is setting up 
at Gelsenkirchen-Horst the first plant 
in Germany for synthesizing benzole 
from petroleum hydrocarbon base- 
stocks by the Udex process of Universal 
Oil Products in the U.S.A. 

J. Paul Getty of Tidewater-Veedol 
has been studying plans to construct a 
pipeline from Munich to Venice and to 
build a refinery in Bavaria. 

DEA and Continental Oil Company 
have formed a German base firm known 
as CONDEA Petrochemie-Gesellschaft 
mbH, each company holding 50% 
interest. They will construct a multi- 
million dollar petrochemical plant in 
Hamburg to make industrial alcohols. 

Reserves: 550 million bbl, 885 billion 
cu ft natural gas. 

Consumption: Inland, 596,000 b/d. 
Bunkers, 41,000 b/d, with a total of 
602,000 b/d. 


GERMAN REFINERIES 


(DECEMBER 31, 1960) 


Company 

BP 

BP 

Deutsche Erdol 
Deutsche Erdol 
Shell 

Shell 

Shell 

Erdol Frisia 
Esso 

Esso 
Gelsenberg Benzin 
Gew. Erdol 
Gew. Erdol 
Kleinholz 
Mineralol-Asph 
Peine 
Sengewald 
Mobil 
Schindler 
Purfina 
Ruhrbau 
Ruhrchemi 
Ruhrol 
Scholven 

Union Rhein 
Wintershall 
Zeller-Gmelin 


TOTAL 


Location 
Finkenwerder 
Dinslaken 
Heide 
Wietze 
Hamburg-Harburg 
Monheim 
Godorf 
Emden 
Hamburg-Harburg 
Cologne 
Gelsenkirchen 
Misburg 
Lingen-Holthausen 
Essen 
Ostermoor 
Peine 
Dedenhausen 
Bremen-Oslebshausen 
Hamburg-Neuhof 


Duisburg-N euenkamp 


Mulheim 
Oberhausen 
Bottrop 
Gelsenkirchen-Buer 
Wesseling 
Salzhergen 
Eislingen o. Fils 


*At present no crude oil refining 


b/d 
40,000 
80,000 
30,000 

800 
56,000 

5.600 
80,000 
30,000 
54,000 
70,000 
90,000 
28,000 
50,000 

8,000 

5,000 

360 
840* 
30,000 

4,400 
20,000 

6,000 

9,400 

2.400* 
46,000 
60,000 

4,300 

160° 


809,300 
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GHANA 


The Italian state oil entity, ENI, 
received permission late in the year to 
build a $24 million refinery with a 
crude capacity of 20,000 b/d, which is 
planned to come onstream in 1963. 
Ghanaian Italian Petroleum Company 
(GHAIP) has chosen a site at the new 
port of Tema, 16 miles east of Accra. 
GHAIP was granted relief from in- 
come taxes for five years and is al- 
lowed to have a 122% profit. After 
10 years, the Ghanaian government 
can acquire 50% equity without cost. 

ENI set up a marketing company, 
also, and will go into competition with 
Mobil, Shell, BP and Texaco for the 
small but increasing demand in this 
self-governing dominion of the British 
Commonwealth. 

Consumption: 8767 b/d. 


GREECE 
(1) RC 30,000 b/d 
Runs 36,700 b/d 


A detailed account of operations in 
Greece was given in this magazine for 
March, 1961, page E-5. The refinery, 
completed in 1958, is running over 
capacity. Consumption is more than 
refining output; some products are im- 
ported and a few are exported. 

Most important to the Greek nation 
at this time is the fact that several oil 
companies are exploring for oil under 
the 50-50 formula petroleum law 
enacted in April 1959. This includes 
Esso, BP, Hunt International, Ilois, a 
Greek company in partnership with 
French RAP. 

Consumption: 42,500 b/d 


GUATEMALA 

Exploratory drilling in Guatemala 
goes very slowly. The fact that so many 
continue to do exploration work (25 
or more operators) indicates the signs 
here for oil deposits. 

In the Department of El Peten Ohio 
Oil, as operator for Amerada, Conti- 
nental, and Ohio, is drilling at Lapita 
No. 1. The site is near the most south- 
erly southeast corner of the state of 
Tabasco in Mexico. This combine and 
Union Oil of California drilled two 
other wells. The first one at Chinaja 
was abandoned April, 1960 at 10,800 
ft after one year’s drilling. The second 
well, San Roman No. 1, encountered 
salt water at 10,500 ft after six months 
drilling. This last well is almost 90 
miles northwest of the original site at 
Chinaja. Ohio also has a geological 
crew working. 

Signal, which was awarded the first 
concession in Guatemala to be granted 
under that country’s 1955 oil law, con- 
tinued exploration work through 1960. 


At year end equipment was being 
moved in to drill a test well on the 
Canchacan structure, in El Peten area. 

Atlantic Refining, after several 
years of exploratory effort, plans to 
withdraw from Guatemala. 

Delhi Guatemala (Delhi-Taylor) 
went into Guatemala for the first time 
last year, taking a farmout on Texaco’s 
45% interest in several northwest El 
Peten concessions. Another new entry, 
Plymouth Oil acquired a concession 
in 1960. 

The refinery owned jointly by Shell 
and Breaux Bridge Oil Refining Com- 
pany is expected to be completed this 
year. Lummus Company has the con- 
tract. The 4000 b/d plant is being built 
at Puerto Barrios, in the Department 
of Izalfal. Petrolera Delhi Guatemala 
(local 30%, U. S. interests 70% ) re- 
ceived government permission to build 
a $9 million 10,000 b/d refinery at 
Matias de Galvez. 

Consumption: 9100 b/d, inland and 
bunkers, 10% higher than in 1959. 


GUINEA 


In this former French territory on 
African West Coast, Societe des Petro- 
les de Senegal (SPS) and CFP's sub- 
sidiary COPETAO, have done some 


surface geology. 


HAITI 


Commonwealth Oil Company of 
Houston, Texas, which has the only 
concession here, relinquished it after 
drilling one dry hole. 

Consumption: 1320 b/d 


HAWAIll 
(1) R © 40,000 b/d 


Part of the Standard of California 
plant was opened in 1960. This great 
modern complex of processing unit, 
pipelines, marine loading, facilities of 
all kinds and laboratory office building 
will bring Hawaii its first large refinery. 
Crude oil is transported from the sub- 
marine loading dock by pipeline to the 
refinery at Oahu. 

Consumption: 42,000 b/d. 


HONDURAS 


The Honduran government has con- 
sulted with prominent Latin American 
legal and petroleum industry advisors 
with regard to the drafting of a new 
petroleum code to be passed in 1961. 
Reports are that the new draft, pres- 
ently being prepared, will be an equit- 
able law which will attract oil compa- 
nies to this relatively unexplored 
country. 

Petroleos Hondurenos, owner of an 
11-million-acre concession covering 
parts of the Interior and Mosquitia 
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Basins, has recently correlated the 
Honduran Mesozoic section with simi- 
lar sections in southern Mexico, Guate- 
mala, and northeastern Nicaragua 
Rudisted reefs found in the Interior 
compare favorably in age and lithology 
with the “Golden Lane” reservoirs of 
the Tampico area of Mexico. 

Petroleos Hondurenos plans to en- 
large its exploration program consid- 
erably following passage of the new 
oil code. 

Only other concern that has a con- 
cession in Honduras is Compania Pe- 
trolera Hondurena. Since 1958 there 
have been rumors that a refinery would 
be built in Honduras but no firm agree- 
ment seems to have been made. There 
was a report that Quimica Dinant de 
Central America plans to build a 
chemical plant to produce specialties 
such as detergents, cosmetics, plastic 
products, etc. 

Consumption: 5200 b/d 


HONG KONG 
U. S. Summit Corporation, owned 
by Chinese traders and registered in 
New York, is considering building a 
refinery at Hong Kong—the colony’s 
first—with a probable capacity of 10,- 
000 b/d. 


HUNGARY 
Prod. 23,500 b/d ? (5) 48,000 b/d ? 
Gas 13,000 mcf/d ? 43,500 b/d ? 

Hungary last year signed a long- 
term trade agreement with Russia pro 
viding for importation of 6,600,000 
metric tons of Soviet crude during the 
1961-1965 period. On an annual basis, 
this represents only a small increase 
over recent levels of Russian crude ex- 
ports to Hungary. It reflects belief that 
Hungary’s own crude production will 
rise sufficiently to meet a large part of 
the nation’s growing demand for pe 
troleum products. 

In 1959, Hungary imported 1|,204,- 
000 metric tons (24,100 b/d) of Rus- 
sian crude, compared with 1,085,500 
in 1958. Products imports from the 
USSR in 1959 were only 54,500 tons 
of fuel oil and 3200 tons of lubri- 
cants, indicating that Hungarian re- 
fineries are adequate for the nation’s 
needs. Substantial new refinery capac- 
ity is now under construction at Sza- 
zhalombatta, south of Budapest, and 
at Szony, site of an existing installation 

By 1965, much of this new capacity 
will be fed by Russian crude delivered 
via the Soviet bloc’s Comecon (Coun- 
cil for Mutual Economic Assistance) 
pipeline originating in the Volga-Ural 
(Second Baku) fields. Preliminary 
work on the 80-mile Hungarian sec- 
tion of the Comecon line from the 
Czechoslovakian border to Szazhalom- 
batta has begun 
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Hungarian crude production is 
scheduled to reach 35,000 b/d in 1965 
under the nation’s Second Five-Year 
Plan. Crude output goal of 22,000 b/d 
in 1960 was apparently exceeded, ac- 
cording to preliminary data. 

Reserves: 175 million barrels of oil. 

Consumption: 36,500 b/d oil prod- 
ucts; 13,000 mef/d natural gas. In- 
land consumption of black oil in Hun- 
gary increased 19% to 25,500 b/d in 
1959 over 1958. Consumption of 
motor gasoline is small — only 4000 
b/d in 1959, up 5% over 1958. 


INDIA 
(4) RC 117,000 b/d 
Runs 115,000 b/d 


The Indian government blows hot 
and cold on private industry. Objective 
is to attract private outside capital into 
the country, and at the same time move 
toward a Socialist State that owns all 
productive property. This is not easy 
to do. For instance, last year we re- 
ported that India had changed its laws 
to invite foreign companies to search 
for oil in order to develop its petroleum 
resources more rapidly without using 
government capital. Then in June 1960, 
the government added that in three 
areas private companies could go in 
only if they were in partnership with the 
Oil and Natural Gas Commission. 

Earlier in the year the government 
proposed to the three importing and 
refining companies that they refine 
some Russian crude oil to be imported 
by the government. The refineries— 
Burmah-Shell, Stanvac, Caltex — re- 
fused, but they were pressed to reduce 
their import prices for crude. 

At the same time, India began im- 
porting products from USSR, which 
were handled by the state-owned Indian 
Oil Company. 

According to Minister for Mines and 
Oils, K. D. Malaviya, the government 
was not satisfied with reduction in 
prices by the foreign oil companies. For 
this reason, he said, the government 
was determined to have as many public 
sector refineries as it could establish 
for “it is our own national refineries 
which could expand the economy of 
oil.” The Minister said India would 
welcome foreign collaboration in oil 
exploration but only by companies will- 
ing to abide by the Government's in- 
dustrial policy. 

The older producing fields of India 
are in the far northeast corner—Digboi, 
discovered in 1890, still produces over 
3000 b/d. In the same area are newer 
fields, Nahorkatiya and Moran, which 
are said to have about 300 million bbl 
reserves. When the pipeline now in con- 
struction is completed, these fields are 
expected to produce 55,000 b/d. The 
Oil and Gas Commission has discov- 
ered new fields with the help of Rus- 


Prod. 8500 b/d 
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sian and Rumanian technicians. One 
European explained that Western oil 
companies had supplied most of the in- 
formation used to select the successful 
drilling sites. This is similar to the situ- 
ation in Austria. During occupation 
Russian drilling crews discovered the 
largest field in Austria, which had been 
well mapped previously by Mobil. 

The new fields at Cambay are still 
shut in as there are no outlets. This 
area is about 280 miles straight north of 
Bombay. Other discoveries have been 
made at Rudrasagar and Ankleswar. 

The Indian government also re- 
quested Burmah-Sheil, Stanvac and 
Caltex to give up the duty protection 
on locally refined products which they 
receive under agreements made before 
the refineries were constructed. Bur- 
mah--Shell and later Stanvac relin- 
quished their right to protection. Caltex 
gave up duty on gasoline only. 

Snodgrass Associates estimated that 
up to 70 million cu ft a day of natural 
gas could be made available from the 
Nahorkatiya and Moran fields in As- 
sam. Burmah Oil is studying the idea of 
supplying gas to a pipeline system that 
would cost some $12'2 million. The 
production does not appear to be large 
enough to pipe outside Assam. 

Most important project in India is 
the 720-mile crude oil pipeline, the 
longest in the Eastern Hemisphere out- 
side of Tapline in the Middle East. 
Total cost will be $92.4 million. The 
first stage, which will be completed in 
1961, runs 270 miles of 16-in. pipe 
from the Assam fields to the refinery 
site near Gauhati, and the second stage 
of 450 miles 14-in. pipe to be com- 
pleted in 1962, goes on to Barauni. Oil 
India Private Ltd. (Burmah Oil Com- 
pany 2/3, government of India 1/3), 
is operator for the pipeline and the 
main contractors are Mannesmann of 


Germany and SAIPEM (ENI). 

Both refineries are to be built by the 
government. The one at Gauhati will 
have 15,000 b/d capacity and the 
Barauni refinery, 40,000 b/d. In June 
the Government announced plans to 
construct one more public sector oil re- 
finery of 20,000 to 30,000 b/d ca- 
pacity, near Cambay. 

Petrochemical activities are getting 
a boost also. India is in great need of 
fertilizer for its agriculture and a num- 
ber of firms have been granted govern- 
ment permission to build plants. One is 
a license to California Chemical 
(Standard of California), International 
Minerals and Chemicals Corporation 
and the East India Distillaries-Parry 
Group for a plant near the Caltex re- 
finery at Visakhapatam on the East 
Coast. They will produce 80,000 tons/ 
yr of chemical fertilizer. Three other 
fertilizer plants have been licensed and 
will be built during the Five-Year Plan. 
All of these are in the public sector and 
are based on use of refinery gas and 
naphtha. 

Phillips Carbon Black Ltd. will build 
a carbon black plant near Durgapur, 
India, with a capacity of 30 million 
lb/yr. Phillips Carbon Black is owned 
30% by Phillips Petroleum, 30% by 
Duncan Brothers and 40% by private 
investors. Public offering of the stock 
in India was 19 times over-subscribed, 
it was reported. 

India is getting $125 million from 
the Soviet for its third five-year plan. 
Included in this are oil and gas devel- 
opment and the Gujerat refinery. 

At the end of the year the govern- 
ment was discussing with the Italian 
ENI Group the possibility of credit up 
to $200 million (payable in 10 to 12 
years at 6%) for exploration and de- 
velopment work including supplies, 
equipment, a 20,000 b/d refinery in 
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Longest crude line in Eastern Hemisphere (except Tapline) is 
India’s 720-mile line from its producing area in the far 
Northeast to refineries to be built at Gauhati and Barauni. 
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south India, etc. Later amount was re- 
duced to $84 million, with no agree- 
ment yet. 

Plans are underway for establish- 
ment of Indian Institute of Petroleum. 
Report of Ministry of Scientific Re- 
search and Cultural Affairs for 1960-61 
proposes project at a cost of approxi- 
mately $5,640,000 for 5 years. 

Reserves: About 500 million bbl of 
oil; 700 billion cu ft of gas. 

Consumption: 150,000 b/d, includ- 
ing bunkers. Imports of crude and prod- 
ucts cost $165 million in 1960. 


INDONESIA 
Prod. 395,000 b/d (5) R C 278,800 b/d 
Gas 330 mcf/d Runs 270,000 b/d 


The political situation in Indonesia 
obscures the future for oil operations. 
The operating companies were faced 
all year by the impending mining law 
which went into effect January 1, 1961. 
This cancelled the oil companies’ 40 
year leases on fields and places all petro- 
leum under state ownership. It permits 
foreign companies to exploit, refine and 
distribute oil as contractors to the 
government, their payment to be a 
share of the oil they produce. This is 
somewhat on the idea that Argentina 
contracts, but the split between govern- 
ment and contractors appears to be very 
one-sided for the government. 

For the first quarter of the year, the 
government granted Stanvac (Jersey 
and Socony) 20% and Caltex (Stand- 
ard of California and Texaco) 10% in 
foreign exchange of the value of the oil 
they produced. This quickly cut off 
imported supplies. 

Not since 1946 have any new con- 
cessions been granted. Three national 
oil companies have been organized. The 
first one, Permindo, took over the 
NIAM concessions in Central Sumatra 
and East Kalimantan (Borneo) when 
these reverted to the government. Per- 
mindo has its own marketing organiza- 
tion. The second state-owned company, 
Permina, is the one that is operating 
with Japanese interests in North Su- 
matra Oil Development Co-operation 
Company. Japanese refiners are pro- 
viding some $53 million over a 10-year 
period to put these fields into produc- 
tion. They will be repaid in production. 
In 1960 North Sumatra fields produced 
about 10,000 b/d. 

The third state-owned company is 
the Oil Company of the Republic of 
Indonesia which runs the former Shell 
fields in East Java, also reverted to the 
government. 

Caltex, which has the largest produc- 
tion in Indonesia, had an output of 
203,792 b/d in 1960. Next was Shell 
with about 88,000 b/d and third was 
Stanvac with 77,929 b/d. 

Reserves: 9 billion bbl. oil. 

Consumption: Inland, 60,800 b/d; 


bunker, 15,400 b/d. There was little 
change this year over last year, possibly 
because of heavy new taxes on pro- 
ducts 


IRAN 
Prod. 1,048,000 b/d (3) R C 497,000 b/d 
Runs 430,000 b/d 

Largest operator in this country is 
Iranian Oil Participants with its group 
headed by BP (40%), Shell (41%), 
and 15 others with smaller interests 
In 1960 the Consortium companies 
paid $285 million to the government 
IOP had 8 drilling rigs in the field, 3 
seismic parties, a gravity party, 2 
logical parties and 2 topographic par- 
ties. During the year 2 exploration 
wells were drilled, 9 development com- 
pletions were made and 23 workover 
completions. The Consortium found 
oil at Pazanun, 18 miles southeast of 
Agha Jari. IOP drilled the deepest well 
yet completed in Iran. The Suru No. | 
near Bandar Abbas on the Straits of 
Oman reached a depth of 14,509 ft 
December 1, 1960 and is still drilling 

National Iranian Oil Company had 
6 rigs in operation and had a successful 
year with its exploration program 
NIOC discovered the Alborz field in the 
Qum area, south of Teheran. This is 
where a well blew out and produced 
some 80,000 b/d for 82 days before it 
shut itself in. Also, south of Teheran 
NIOC is developing a field at Sarajet 
and still a third field near Gorgan in the 
northeast. 

Iran Pan American Oil Company 
(NIOC and Pan Am) drilled two ex- 
ploratory wells in its 3,840,000-acre 
block in the Persian Gulf. The first 
well, IPAC “A” No. 1, some 58 miles 
from shore, was spudded in October, 
1959, and drilled to a depth of 13,151 
ft in 1960. Several intervals are now 
being tested for possible oil zones. The 
second well, IPAC “B” No. 1, some 
20 miles from shore and 60 miles south- 
east of the first test, was started in May, 
1960, and was drilled to 12,497 feet 
It has recently been suspended as test 
ing indicated it was non-commercial 

SIRIP, the partnership of ENI, Ital 
ian state-owned concern, and NIOC, 
is working on a second well in the 
Persian Gulf where it struck oil at 
11,011 ft. SIRIP is also drilling in the 
Sagros mountains. 

The Gachsaran-Kharg Island pro 
ject was completed in 1960. This con- 
sists of a port on Kharg Island capable 
of handling tankers of 100,000 tons 
dead-weight and a 99-mile 26-28-30 in 
pipeline, of which 211% miles is sub- 
marine, connecting the Gachsaran field 
to the tanker loading terminal. Capac- 
ity is 230,000 b/d. 

NIOC is building a 280-mile pro- 
ducts pipeline in northeast Persia which 
will be 6-in. from Teheran to Rasht 


g£eco- 
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and 8-in. from Teheran to Shahrud and 
Mashhad. Construction has been by 
Williams Brothers of Tulsa through 
London subsidiary. Also under con 
struction by NIOC is a 20-in. 87-mile 
natural gas line from Sarajeh gas field 
to Teheran and a network of distribu 
tion pipelines in the capital. Contracto1 
for this is SNAM Projetti (ENI) 
Reserves: Last estimate, 35 billion 
bbl of oil 
Inland, 70,000 b/d 
an 18% increase since last year. Bunker 
is 50,000 b/d 


Consumption 


IRAQ 


Prod. 900,780 b/d (6) RC 59,600 b/d 
Runs 44,000 b/d 


rhe three affiliates of Iraq Petroleum 
Company completed 15 party months 
of geological work in 1960 party 
months of seismic work 

In June Iraq Petroleum’s Bai Hassan 
field began production. A 20-mile 
12-in. pipeline links the new field with 
K. | pumping station near Kirkuk 


Exploration wells completed in Iraq 


79 


were one oil discovery and 9 dry holes 
20 development wells are oil producers 
one is dry. There are 97 producing wells 
in Iraq’s 7 fields, only one on pump. In 
addition 56 producers are shut-in 

The Iraq government invited offers 
in August for oil exploration and de 
velopment in Iraq’s territorial and con 
tiguous waters The area of the terri 
torial waters, 
clared to extend to 12 nautical miles 
from the coast, was relinquished by 
the Basrah Petroleum (IPC) at the end 
of 1958. An agreement with USSR in 


cludes seismic work over a 400-sq-mile 


which Iraq has de 


area 

In 1957 work started on the con 
struction of looplines paralleling the 
$55-mile Kirkuk to Banitas 30-32-in 
pipeline throughout its entire length 
At the end of 1960 most of work was 
completed and throughput in northern 
Iraq was increased from a rate of 
604.000 b/d to 754.000 b/d 

In the Basrah area one stage towards 
the plan to increase productive capacity 
in southern Iraq was completed lay 
ing a 64-mile, 30-32 in. pipeline be 
tween Zubair and Fao. Construction of 
the new line began in July, 1960; it 
follows the route of the 24-in. line 
which was commissioned in 1954. With 
the completion of the new oil line the 
original 12-16-in. pipeline (completed 
in 1951) has been freed from oil duties 
and at the end of the year it was being 
realigned and converted to a gas line 
and used to supply gas from Rumaila 
field to Basrah about 50 miles away 
The Iraq government received about 
70 million in revenues in 1960, some 
% more than in 1959. Production 


.4 
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J 
" 
» | 
increase was 13.9% 

New contracts with Czechoslovakia 
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include a 30,000 b/d refinery and 

chemical plant at Basra. The govern- 

ment owns most refining capacity. 
Reserves: 25 billion bbl. oil. 
Consumption: Inland, 26,000 b/d. 


IRELAND 
(1) R C 40,000 b/d 
Runs 26,000 b/d 


Ambassador Oil Corporation of Fort 
Worth, Texas negotiated an exclusive 
exploration agreement with the Irish 
government and work is to begin in 
1961. Continental Oil and Ohio Oil 
announced early this year that they will 
participate in the program with Ambas- 
sador as operator. Contract covers all 
of Ireland, about 20 million acres of 
land and offshore area. 

Ireland’s first major refinery com- 
pleted in 1959 at Whitegate ran for 
its initial full year in 1960. This is 
owned by Shell-Mex and BP 40%, 
Esso 40% and Caltex 20%. 

Consumption: 21,000 b/d inland, 
and 3000 b/d bunkers. 


ISRAEL 
Prod. 2500 b/d (1) RC 85,000 b/d 
Runs 30,000 b/d 

There have been three geological 
crews and one geophysical crew oper- 
ating in Israel this year. The 7 rigs in 
the country drilled 14 wells, 7 of which 
are producers and 4 dry; the others are 
testing. This brings to 25 the number 
of producing wells in the country. 

Lapidoth Israel Oil Prospectors dis- 
covered oil with their third well at 
Negba. This is 342 miles northeast of 
the same company’s Heletz field. These 
two are the only oil fields. 

Che 40-mile, 16-in. oil line from 
Eilat to Haifa refinery was completed. 

A 6-in., 18-mile gas pipeline is being 
built from the Zohar-Kidod gasfield to 
the Dead Sea Works. 

The Haifa refinery more than takes 
care of Israel consumption, but there 
are plans for a modernization program 
over the next 3 years. Also a number 
of plans have been submitted for petro- 
chemical plants. Principal one is a com- 
plex at Haifa. Participants include 
Haifa Refineries, Paz Oil Company, 
Sonneborn Associates, Israel Investors, 
some other industrialists, and various 
North and South America interests. 
Project calls for an investment of some 
$16 million with units to produce 
ethylene, polyethylene, detergents and 
carbon black. 

Reserves: 35 million bbl. 

Consumption: 58,000 b/d. 


ITALY 
(SICILY, TRIESTE, SARDINIA) 
Prod. 40,000 b/d (37) RC 780,000 b/d 
Gas 614,400 mcf/d Runs 630,000 b/d 
Exploration in 1960 did not show 
very successful results. After drilling 
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3 dry holes on their concession in the 
south of Italy, Cities Service and Pan 
Am (Standard Indiana) surrendered 
their exploration permits. Only dis- 
covery on the mainland appears to be a 
small gas field 9 miles south of Pesaro 
along the Adriatic Coast. This was dis- 
covered by Metauro Company. 

Petrosud (Montecatini) developed 
its Cellino gas field 19 miles northwest 
of Pescara. 

Because of the sinking of the level of 
ground in the Polesine district of north- 
ern Italy, the government cancelled 
concessions there and 66 of 72 natural 
gas outlets will be closed. The order 
affected 35 firms. This will cut annual 
production by about 8 billion cu ft. 

The southern gas fields are being 
developed at Ferrandina (16 wells) and 
Grottole (26 wells). This spring AGIP 
Mineraria (ENI) foun¢ %il in the area 
for the first time. 

In Sicily, Lion Oil L..ision of Mon- 
santo Chemical Company and a sub- 
sidiary of Edison of Milan, withdrew 
from a 780,000-acre concession after 
8 dry holes were drilled. Gulf drilled 
3 dry holes. Gulf is largest producer 
with its Ragusa field in Sicily. 

In Sardinia, which has petroleum 
laws similar to Sicily, SAIS (Winter- 
shall, etc.) completed its surface geo- 
logical work on its concession and 
began some geophysical surveys. 

Italian oil hardly maintains its out- 
put rate. In the mainland itself pro- 
duction is slightly over 1000 b/d. Italy’s 
state-owned company, ENI, has gone 
abroad to find the reserves it needs. 
Largest outside production so far has 
been Egypt, but expectations are that 
the new ENI field in the Persian Gulf 
off Iran will soon pass other areas. 
Shipping from the first well began this 
Spring. ENI, in 1960, came to an ex- 
change agreement with the Soviet. The 
transaction was labeled as a $200 mil- 
lion deal. Italy will buy 12 million tons 
of Russian crude oil in the next 4 years. 
In exchange the Soviet Union will buy 
240,000 tons of steel tube; 50,000 tons 
of synthetic rubber and oil pipeline 
equipment from Italy. This is not part 
of Italy’s present general trade agree- 
ment with Russia, which amounted to 
$200 million for 1960 alone. 

ENI’s largest domestic field is in 
Sicily. Although reserves are considered 
large, Gela oil has very low gravity. 
Special heating devices have been used 
to transmit the crude to refineries. In 
1960, AGIP Mineraria (ENI) set up 
the ANIC Gela Company for the pur- 
pose of building a complex that will 
make full use of this reserve. Overall 
investment is set at about $240 to $275 
million. Of this 30% will be for proces- 
sing, about 22% for petrochemical 
plants, about 10% for power station 
and the remainder for port, airfield and 


other facilities. Originally ENI offered 
a royalty of 20% for the Gela con- 
cessions but this has been negotiated 
with the Sicilian government so that 
it is reduced to 4% for the first 15 years 
and 6% thereafter because of the diffi- 
culty of production. 

Another refinery to be built in Sicily 
is that of Societa Mediterranea Raffin- 
eria Siciliana Petroli. The 52,000 b/d 
plant will be at Milazzo in the north- 
east part. Esso plans a 60,000 b/d re- 
finery at Pavia. CAICA (independent) 
will build a 24,000 b/d refinery at 
Porto Torres, Sardinia. 

Italy has a reserve capacity law that 
requires refineries to keep 30% higher 
capacity than used. In 1960, the gov- 
ernment authorized the following addi- 
tions to present refineries: STANIC 
(Jersey-ENI), Bari, will add about 
20,000 b/d; SAROM (independent) at 
Ravenna, 15,000 b/d; Condor (Shell) 
at Milan will increase distillation 6,000 
b/d; ICIP (CFP) at Mantua will add 
about 8500 b/d; IROM (BP-ENI) at 
Marghera, 4000 b/d; Purfina at Milan 
will add 1600 b/d; at Genoa, 13,000 
b/d; Aquila at Trieste, 17,000 b/d. 

Amoco (Standard Indiana) has pur- 
chased Italia Oil 29,000 b/d refinery 
at Ceroma and a chain of service 
stations. 

In addition to these refineries, a 
number of petrochemical plants will 
be built. Socony Mobil formed a sub- 
sidiary, Mobil Chimica Italiana, which 
will build a major plant at Naples in 
connection with its refinery there. 

ENI will construct a $64 million 
chemical plant in Busento Valley at 
Ferrandina natural gas field. It will 
use a little over “% of the gas produc- 
tion. Another 4% will be piped to the 
cities of Matera and Bari and the re- 
maining %3 will be used for private 
industry. This is in Southern Italy 
where the State is using 10-year tax 
exemptions, subsidies, low interest 
loans, etc. to lure American investors. 

Pipelines in Italy, as well as else- 
where, have assumed large importance. 
An Italian company, SOSIM, has been 
set up for the purpose of laying a sub- 
marine pipeline from Tunisia to Sicily 
to transport some 150 million cu ft/day 
of Saharan natural gas. SOSIM in- 
cludes several leading Italian concerns, 
among them Edison, Montecatini and 
Fiat. 

Reserves: 300 million bbl crude oil; 
310 billion cu ft of gas. 

Consumption: Inland, in 1960, was 
369,000 b/d, 22% above 1959. Bunk- 
ers rose 38% to 69,200 b/d. Sales were 
stimulated by the cut in price early 
in 1961. The gasoline tax was reduced 
by 2% ¢/gallon. Ex-pump price for or- 
dinary grade of gasoline is now about 
10¢/gallon. 

Part 2 Coming in July 
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+ Only B&W Job-Matched 


teeny 


ey i Stainless Tubing Gives You 


FULL-RANGE SELECTION © 
OF SEAMLESS AND WELDED 


Whatever your stainless steel tubing requirements, B&W has the 
right tube for the job. 

Only B&W tubing offers you both seamless and welded in a com- 
plete selection of grades, sizes and lengths. It’s job-matched with the 
right combination of properties, diameter and wall thickness to make 
bending, forming and other fabrication operations easier, faster, 
more economical. And you can rely on consistent quality and uniform- 
ity from tube to tube for freedom of design and long service life. 

Make B&W your choice for stainless tubing. It’s available at Steel 
Service Centers or through your local B&W District Sales Office. For 
Bulletin T-148, write The Babcock & Wilcox Company, Tubular 


Products Division, Beaver Falls, Pennsylvania. 


THE BABCOCK & WILCOX COMPANY 





TUBULAR PRODUCTS DIVISION 


Seamless and welded tubular products, solid extrusions, seamless welding fittings and forged steel flanges—in carbon, alloy and stainless steels and special metals 
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Economies, Volume Push Profits Higher 


As many reasons as companies for ups and downs in first quarter. 


THE PETROLEUM INDUSTRY 
marched further on its come-back road 
in the first quarter of 1961. Compared 
with 1960, the earnings went up 16% 
and revenues advanced 4%. This 
sounds very good, but as the Standard 
of Indiana report warned, “We are 
measuring these first quarter earnings 
against the period of our lowest quar- 
terly earnings in 1960.” Remember, 
too, that the first quarter in 1960 was 
1% below 1959, although at the same 
time revenues went up 2% 

As usual, weather set the pace. The 
severe weather of January and Febru- 
ary of 1961 created an increased de- 
mand for petroleum products as Sin- 
clair reported. On the other hand, 
Texaco commented, “the March net 
was adversely affected by lower gaso- 
line prices caused by high inventories 
and lower fuel oil demand than a year 
earlier.” Clark Oil and Refining said 
product prices declined sharply in 
March and were still sub-normal in its 
marketing area. Skelly said its overall 
volume of petroleum products sales 
was lower — most of it in fuel and 
LPG — and that this was due largely 
to warmer March weather. 

The fact that most large companies 
had streamlined operations continued 
to show up in profit increases. Tide- 
water mentions, “lower operating 
costs,” and Sun Oil reports, “increased 
operating efficiencies,” along with in- 
creased volume of business. 

Smaller companies were benefitting 
also. Bishop said its gain was the first 
results of a systematic «bandonment 
and sale of marginal properties made 
for cost reduction. 

Chemical sales kept their aggressive 
roles. Standard of California said its 
sales have tripled in the last decade and 
that more than $50 million is being 
invested this year in chemicals. Cosden 
forecasts boosted profits from chemi- 
cals and Delhi-Taylor pointed out that 
its 1960 petrochemical sales were 17% 
over 1959. 

There is a tendency to divide com- 
panies into classes, but we have found 
over the years that, as a rule, integrated 
companies as well as independent re- 
finers and producers tend to go up or 
down together. This year, however, do- 
mestic concerns seemed to follow the 
general economy while international 
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FIRST QUARTER STATEMENTS OF PETROLEUM COMPANIES 


Gross Income ($1000) 


Company 1961 1960 


Ambassador 

Amerada Petroleum 27,202 27,313 
Argo Oil 4,082 3,644 
Ashiand Oil & Ref. 73,856° 78,067° 
Atlantic Ref. 156,470 153,601 
Aztec Oil & Gas 2,251 2,237 
Bishop Oil 423 502 
Champlin Oi! & Ref. 21,870 20,375 
Cities Service 266,725 265,791 
Clark Oil & Ref. 22,868 22,541 
Coastal States’ 7,262 5,362 
Colorado Oil & Gas 11,937 10,994 
Commonwealth Oil 23,042 13,426 
Continental Oil 200,093 200,326 
Cosden Petroleum! 20,157 18,791 
Crescent Corp. 5,595 5,576 
Dethi- Taylor 31,000 25,900 
Eason Oil* 1,885 1,966 
Frontier Ref. 9,180 8,392 
Getty Oil 11,416 10,584 
Gulf Oil Corp. 

Helmerich & Payne? 4,259 
Hugoton Prod. , 2,761 
Kern Co. Land 21,762 
Leonard® 14,053 
Louisiana Ld. & Exp. 12,029 11,030 
Maracaibo Oil 390 404 
Midwest Oil 5,630 5,186 
Murphy Corp. 23,550 21,915 
Ohio Oil 91,221 92,054 
Olin Oil & Gas 12,201 12,403 
Phillips Pet. 304,128 301,427 
Plymouth Oil 20,629 22,641 
Producing Prop.’ 5,734 4,521 
Pubco Pet. 897 651 
Pure Oil 168,856 167,939 
Quaker State Oil 13,977 12,859 
Richfield Oil 73,721 68,759 
Shamrock Oil & Gas 14,771 15,807 
Shell Oil 467,736 457,554 
Signal Oil & Gas 81,634 74,962 
Sinclair Oil 330,764 334,303 
Skelly Oil 63,908 65,340 
Socony Mobil 

494,375 


Standard Calif. 

Standard Ind. 530,953 514,852 
Standard N. J. 2,286,000 2,203,000 
Standard Ohio 100,136 98,365 
Sun Oil 195,804 182,806 
Sunray Mid-Cont. 118,586 112,449 
Superior Oil® 75,112 61,849 
Texaco 803,467 733,868 
Texas Guif 4,164 4,169 
Texas Pacific 6,852 6,730 
Three States 5,028 4,515 
Tidewater Oil 181,657 169,941 
TXL Oil 3,174 3,294 
Union of Calif. 128,558 123,209 
Universal Cons. 1,878 2,184 
Wilcox Oil 1,585 


TOTAL 7,568,624 


479,598 


7,290,214 


* Adjusted to include earnings from properties 
of Woodley Petroleum Co. 
‘Quarter ending January 31. 
* Quarter ending December 31. 
*March 31 ends 4th quarter. 
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t Six months ending February 28. 


843,242 


Net Income ($1000) 
1961 


1,198 7,306 


34,709 
4,087 
16,096 
6,494 
59,800 
65,973 
43,820 
193,000 
5,518 
12,011 
11,007 
12,927 
108,141 
1,142 
1,799 
1,200 
10,979 
822 
9,164 
1,073 
210 


Quarter ending February 28. 


* Excluding excise taxes. 
7 Nine months ending March 31. 


8 Six months 


1960 
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companies profited from foreign op- 
erations. Yet higher production was a 
factor in increased earnings both here 
and abroad. And U. S. producing com- 
panies did not fall as low as did gen- 
eral corporate business. 

Union of California said its rise was 
principally a result of increased sale of 
natural gas and crude oil. Atlantic puts 
as the first reason for its gain, “our im- 
proved raw material position.” Colo- 
rado Oil and Gas had the largest pre- 
tax income for any quarter compared 
to a deficit last year. Its oil and gas 
sales increased 36% over first quarter 
of last year, where refined products 
sales were up only 6%. Sinclair listed 
record production crude and natural 
gas liquids as the first factor contribut- 
ing to higher earnings. 

Helmerich and Payne said oil sales 
were up 3% and natural gas sales up 
9% ; however its biggest increases came 
from its subsidiaries, Engineering Con- 
struction Company and Natural Gas 
Odorizing Company. Gulf stated that 
its 16% increase came solely from do- 
mestic operations and _ specifically, 
from increased production of crude oil 
and natural gas in the United States. 

Conoco named higher refined prod- 
uct prices and a decrease of intangible 
development costs as factors in its im- 
provement. Phillips mentioned partic- 
ularly the prices in petrochemical prod- 
ucts and income from natural gas sales. 
Ohio said oil output was 9% higher 
with prices lower by 2¢ per bbl. Sales 
were lower on products by 5% but 
prices averaged 12 ¢/gal. higher. 

Murphy Corporation said products 
sales were up 9%, natural gas produc- 
tion up 4% and crude and gas liquids 
declined 4% due primarily to lower 
producing rates in Venezuela, not en- 
tirely offset by higher domestic pro- 
duction. 

Signal’s net was up but its report 
pointed out that first quarter earnings 
were affected by the gaoline price war 
on the West Coast. Ashland pointed 
out that lower operating levels in the 
steel and related industries affected de- 
mand for heavy fuel oils and other pe- 
troleum products. 

Although first quarter earnings of 
Texas Gulf Producing fell, it was 
pointed out that the yearly earnings are 
expected to increase 15-20%. West 
Texas production is awaiting additional 
plant facilities. Producing Properties 
decrease was said to be caused by a 
larger amount of interest expense re- 
sulting from production payments out- 
standing on newly acquired properties. 

Excluding a non-recurring revenue, 
Shamrock’s net earnings would be 4% 
under 1960 for its first quarter instead 
of 4% up. Texas Pacific Coal and Oil 
said factors contributing mainly to its 
first quarter drop were a further cut- 


NPC Reports on U.S. Capacity 


Crude oil, natural gas, and gas liquids 
all have wide production margins. 


A COMPREHENSIVE REPORT by 
the National Petroleum Council on 
proved discoveries and productive 
capacity of crude oil, natural gas, and 
natural gas liquids in the United States 
was released by Walter S. Hallanan, 
(Plymouth Oil) chairman. The study 
was made by the Council’s Committee 
on Proved Petroleum and Natural Gas 
Reserves and Availability, under the 
chairmanship of L. F. McCollum, 
(Conoco) in response to requests of the 
U. S. Department of the Interior. 

The 56-page report, which has been 
a year in preparation, is the product of 
the experience and work of over 100 
engineers and geologists in the oil and 
gas industries. The task foree for crude 
oil was headed by Stuart E. Buckley, 
Humble; the natural gas and natural 
gas liquids task force was headed by Ed 
Parkes, United Gas. 

Productive capacities in the U. S. on 
January 1, 1960, were estimated to be: 
Crude oil: 10,585,000 b/d 
Natural gas liquids: 1,799,600 b/d 
Natural gas: 71,504,000 mef/d 

These estimates represent the rates 
at which oil, gas, and natural gas liquids 
could be produced from existing fields 
and wells without regard to such im- 
portant limitations as lack of surface 
facilities for handling, processing, stor- 
age, or transportation; and without 
reference to government regulations 
under normal peacetime conditions. 

The study indicates an increase of 
crude oil productive capacity since 
January 1, 1957, of 718,000 b/d, 
representing an annual increase during 
the past 3 years of 238,000 b/d. The 
Committee estimated that, if conditions 


back in Texas allowable producing 
days and increased costs in operating 
and maintaining producing properties 

Socony’s crude production was up 
6% and its products sales were up 4%. 
Jersey attributed its gain in large part 
to higher operating levels, particularly 
abroad. 

Surprisingly enough, there was little 
in the letters to shareholders this first 
quarter about the dangers of certain 
legislation to the petroleum industry 
Tidewater said, “Keeping pace with 
and vitally affecting your company’s 
efforts and investments to maintain and 
increase profitability, are certain fac- 
tors in the national economy over 
which you, as a voter and investor, ex- 
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of the recent past governing drilling 
were to continue in the future, and if 
production were at full capacity, then 
it would be necessary for the industry 
to drill approximately 40,000 to 50,000 
total wells a year, including 20,000 to 
25,000 oil wells, to maintain productive 
capacity as it was January 1, 1960 

Discovery estimates, through 1954, 
contained in the report and represent 
ing the total expected recoveries, in 
cluding both past production and 
remaining proved reserves, based upon 
field size and past performance, as such 
factors were known on December 31 
1959: 


Crude oil 91,424,672,000 bbl 
Natural gas 
liquids 10,408,958,000 bbl 


Natural! gas 419,052,526 mil cu ft 


The committee emphasized that peri- 
odical estimates of recoverable reserves 
from the average field usually in 
crease several fold over the estimate 
made at the end of the original dis 
covery year, and continue to increase 
from various causes for a great many 
years 

Discoveries in this report, therefore, 
represent a single set of estimates based 
on data available at the end of 1959 
Thus fields discovered in 1954 have 
only 5 years’ experience, whereas fields 
discovered prior to 1919 have the 
benefit of over 40 years’ experience in 
making the 1959 calculations upon 
which this report was based. 

Complete copies of the report are 
available at the office of the National 
Petroleum Council, 1625 K_ Street 
N. W., Washington 6, D. C x“** 


ert a far greater influence than does 
your company.” 

As it did in 1960, the petroleum in 
dustry went against the general busi 
ness trend. First National City Bank 
reported a decrease of 19% in net in 
come of 692 corporations for the first 
quarter. It showed the petroleum in 
dustry up 17%, one of the few groups 
ahead of 1960. In spite of the great 
influence of the general economy on 
petroleum sales the industry has been 
in the vanguard of economic trends for 
the last few years, whether that meant 
up or down. But as Sunray says, our in- 
dustry is “one that is essential to the 
growth and security of our nation and 
therefore will continue to thrive.”"* * 
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Nicolet Asbestos Pipe Wraps and “‘Old Nic’’ Glass Wrap are the 
modern armor for today’s pipe lines. 


Your pipe line requirements can be completely met with either 
#15 “Standard”, #8 ‘‘Tufbestos” or +10 ‘‘Reflecto’”’ (the new, 
white, improved Asbestos Felt). Together with “‘Old Nic’’ Glass 


Protection Is Our Business Wrap, you have absolute assurance of getting the finest and 


most complete line of pipe line protection products obtainable 


Ashestos Pipe Wrap Our Product asc for full specifications and samples of Nicolet pipe 


protection products. 


~~ 


Distributed throughout the United States 


INIUSO —_ 


FLORHAM PARK, NEW JERSEY 
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seals ti ht e Let’s get basic: The prime function 

g ® of a valve is to shut off a line. And 
Rockwell-Nordstrom valves do this job better than any other valve on 
the market. They live longer, too, saving you money every year in 


valve replacement. The cost? No more than ordinary valves. Write for 
complete information. 


another fine product by CG) 


ROCKWELL 


Write to: Please send me Bulletin V-217. 
Rockwell Manufacturing Company 

94-F N. Lexington Ave., Name. 
Pittsburgh 8, Pa. 
Canadian Valve Licensee: Company__ 
Peacock Brothers, Ltd. 
Box 1040, Montreal, Quebec Street____ 
Rockwell International, S.A. 
81 Rue de la Servette City _.Zone__State_ 
Geneva, Switzerland = 




















Refractory insulating 
concrete linings 
keep cats cracking 


Refractory insulating concrete, bonded with LUMNITE calcium-aluminate 
cement, is being used more and more to line regenerators, cyclones, 
strippers, catalysts and reactor transfer lines of fluid catalytic cracking 
units. On stream in FCCs across the country, these industrial concrete 
linings will resist severe erosion and abrasion caused by catalyst fines 
...fesist attack by acid condensate...and provide insulation at high 
temperatures, 

Instailation of monolithic concrete linings is fast, easy, economical 
— whether cast in place, gunited or plastered. Concrete reaches service 
strength in 24 hours. 

For added convenience, castables bonded with LUMNITE cement are 
available from leading manufacturers of refractories. These are pack- 
aged mixtures, ready for use with just the addition of water. For more 
information, write Universal Atlas Cement, 100 Park Avenue, New York 
17, N. Y. 

OFFICES: Albany - Birmingham - Boston - Chicago - Dayton - Kansas City - Mil- 
waukee - Minneapolis - New York - Philadelphia - Pittsburgh - St. Louis - Waco 





S"’, “Atlas"* and “‘Lumnite’’ are registered trademarks L-215 


Universal Atlas Cement 
Division of 
United States Steel 


ae ‘ i. ‘ 
Ad's el a? ' | q 


FOR FURTHER INFORMATION ON 


ADVERTISED PRODUCTS, SEE READER SERVICE CARD Oil AND GAS INDUSTRY ty June, 1961 





For Complete @ NEW EQUIPMENT 
FREE @ LITERATURE 
Information on— @ ADVERTISED PRODUCTS 
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> Louis M. Ream Jr., former director 
of planning and economics department 
of Atlantic Refining, was elected treas- 
urer, and Paul E. Cundey, who serves 
as assistant treasurer, was named sec- 
retary. Both succeed the late Charles J. 
Reller, who was secretary and treas- 
urer. Rex D. Struble, former manager 
of producing division of methods and 
standards department, was appointed 
manager of methods and standards suc- 
ceeding Thomas E. Kelly, retired. 


> R. C. Alden, retired, formerly re- 
search director of Phillips Petroleum 
Co., and W. J. Sweeney, vice presi- 
dent, Esso Research and Engineering 
Co., were honored at the traditional 
dinner meeting of the API Division of 
Refining and presented with certifi- 
cates for long and valued service to the 
API and oil industry. 


> Van Thompson was elected presi- 
dent of Aztec Oil and Gas Company 
succeeding Wofford Cain, president 
since 1954, who was named chairman 
of the board. Thompson has been 
executive vice president and director. 
Edward M. Anderson, chief geologist, 
was elected vice president of explora- 
tion. 


x 
Lye = 


C. A. Calderon S. L. Descartes 


> Cesar A. Calderon and S. L. Des- 
cartes were elected to the board of di- 
rectors of Commonwealth Oil Refin- 
ing. Calderon is president of a number 
of companies, and Descartes is assist- 
ant executive vice president of the 
Banco Credito y Ahorro Ponceno, San 
Juan. 


> E. L.Upham, manager of Mobil Oil's 
gas liquids division of crude oil and gas 
liquids department in Dallas, retired. 
He joined the company in 1918, and 
has served as manager, product supply 
and distribution and LP gas purchases 
and sales from 1948-1959. 

Josephine Lyles, former stenogra- 
pher, administrative assistant and clerk, 
was named assistant manager for 
Mobil’s insurance dep artment in Dallas 
to assist in developing and approving 
proper insurance programs in a 28- 
State area. 





ow ACCURATE 


can an oil drop get ? 


Precise and punctual 1s the best way to describe an oil drop metered 


| 


by a Manzel force-feed lubricator. Model “82”, for example, will 
deliver an exact amount of oil exactly where it belongs at exactly 
the right point in the cycle of your mechanism. The positive sight 
feed shows you the oil on its way to work after it’s passed through 
the pump. Our Model “82” is built for pressures up to 6000 PSI 
and “round the clock service”! For 
details on “82” or any of our complete 
line of lubricators, write for our catalog. 
Manzel, 255 Babcock Street, Buffalo 10, 
New York. To lubricate with mathemat- 


ical precision, just 


ask the man from 


wi > 


HOUDAILLE 
ae = 
sre ier 
SPECIALISTS IN LUBRICATORS AND METERING PUMPS 


. 


SINCE 1898 
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‘over 11,000 hours on-the-job... 
Air Starters 
never failed {" 


Gus Huber, Supt. of Mainte- 
nance Material Service, 
Chicago, Illinois, has this to 
say about Air Starters . 


“We have Size 20BM Ingersoll-Rand Air Starters on 
eight of our big Dart dump trucks. These heavy-duty 
units have been in use for four years and each 
truck has recorded over 11,000 hours on-the-jcb. 
During this time, including the coldest weather, not 
one of these trucks has ever had a starting failure, 
and no repairs were necessary !"’ 


Reduce electrical maintenance to an absolute mini- 
mum by using modern Ingersoll-Rand Air Starters. 
They produce surer, faster starts and are unaffected 
by extreme weather conditions. 


Ingersoll-Rand Starters are made in 4 sizes for start- 
ing diesel, or carbureted engines from 300 cu. in. to 
20,000 cu. in. displacement. For complete informa- 
tion on these efficient starters . . . write for your copy 


of ‘‘“Go Modern—Start with Air,’’ Form 5094E. 


Ing ersoll-Rand 


1] Broadway, New York 4, N. Y. 


> John H. McWilliams was elected 
assistant secretary of Sun Oil. He is 
manager. of the land department. Ken- 
neth A. Scott, formerly in petrochemi- 
cals planning research and development 
division, was appointed manager of 
intelligence in commercial develop- 
ment division of research and engi- 
neering department. 


> Roy Waer and Paul McHenry were 
elected vice presidents of Macmillan 
Petroleum. Waer is also manager of 
the California division, and McHenry, 
manager of the Arkansas division 


> C. W. Painter and A. Charon were 
nominated to the board of Royal 
Dutch Petroleum Company. Painter 
has been a director of Shell Caribbean 
Petroleum since 1948, and is director 
of other companies. Charon was presi- 
dent of Shell Francaise. 


> Lloyd G. Minter, former assistant 
general attorney for Phillips Petro- 
leum, was elected general attorney. He 
is succeeded by Kenneth Heady, forme: 
Staff attorney. 


> Lawrence J. O'Connor Jr. will con- 
tinue as administrator of the Depart- 
ment of the Interior’s Oil Import Ad- 
ministration. Marling J. Ankeny con- 
tinues as director of the Bureau of 
Mines. Joseph J. Simmons HI was ap- 
pointed advisor on oil and gas mobili 


You 
PROFIT 
with 


Sound Financing 


Oil and Gas Dept. 


MERCANTILE 


National Bank 
at Dallas 
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Again, CPS 

ls In There 
Fustest With The 
Mostest . .. 


in the form of a field 
tested thermoelectric 

generator which is in 
production and avail- 
able at moderate cost 


Thermoelectric generator protecting well casing in the Hugoton Field. 


As a result of the joint design 
and development efforts of Texas 
Instruments, Incorporated and 
Cathodic Protection Service over the 
past year we are happy to announce 
to the corrosion engineer the avail- 
ability of a field-tested and proven 
thermoelectric generator. This unit 
described herein is not a laboratory 
model or a prototype but is a unit 
which is now in commercial produc- 
tion and is ready for practical ap- 
plications of cathodic protection in 
the field. 

This generator which has no mov- 
ing parts produces currents from 
lead telluride thermocouples which 
convert heat directly to electric en- 
ergy. This, the “guts” of the unit, 
has gone through extensive shake- 
down tests in the Texas Instruments 
laboratories for the better part of 
the developmental period. 

The lead telluride system is built 
into a housing consisting primarily 
of a burner capable of using either 
natural gas or LPG as the fuel and 
an efficient heat dispensing unit. 
The complete production model of 
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the generator has been exhaustively 
tested both in our shops and in an 
actual field installation providing 
current for the cathodic protection 
of a well casing. 

To be assured of continuous op- 
eration under all types of climatic 
conditions in the field the burner 
for the production line model has 
been designed to withstand wind 
velocities in excess of 100 mph by 
actual test. 

First attention has been given to 
the development of a unit of 8 watts 
capacity, a rating capable of cover- 
ing a large number of cathodic pro- 
tection applications, particularly in 
the field of protection of well cas- 
ings. This is the unit which is in 
large scale production but represents 
only the first of a series of generators 
which will meet nearly all cathodic 
protection applications. Additional 
capacities will be anounced in the 
near future. 

The present production model is 
particularly suitable for the protec- 
tion of well casings of moderate 
current requirements, extensive hot 


spots on bare gas pipe lines, and 
also for furnishing supplemental 
power for the protection of coated 
pipe lines and heater treaters or 
other salt water handling equipment, 
just to name a few of the potential 
applications for this commercially 
available unit. 

CPS is the sole outlet for this 
jointly developed unit as applied to 
the cathodic protection field. Con- 
tact our main office in Houston o1 
any of the below-listed branch of 
fices for operating data and cost 
information. 


Cathodic Protection Service 


P. 0. Box 66387 Houston6,Texas JA6-198) 


CORPUS CHRISTI 
1620 S. Brownlee 


LOS ANGELES 
7531 Muller St., Downey 


NEW ORLEANS 
1627 Felicity 


ODESSA 
5425 Andrews Hwy 


PITTSBURGH 
4 Delmar Ct., Delmont 


TULSA 
2570 S. Harvard 


TUlip 3-7264 


Phone TO 2-2045 


JAckson 2-7316 


EMerson 6-6731 


HO 8-7513 


Riverside 2-7393 
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You wouldn’t buy 


HALF 





equipment. 
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1220 
PIPELINER ° 


hada 
tractor-type crawlers 
keep you moving... 
pre-lubed track rollers 


save servicing time 


Fe 0 


Here’s a true pipeline rig, designed and built to get you 
to and through any trenching job. Tractor-type 
crawlers provide extra clearance for travel over rocks, 
stumps, and most other obstructions. Shoes have 
deep grousers for sure traction in soft ground and in 
climbing steep grades. Exclusive automatic traction 
brakes provide trigger-fast braking in either direction 
of travel . . . hold machine ‘“‘fast’’, even on inclines. 


The Unit 1220 PIPELINER keeps going, 
too, without excessive downtime. Track 
rollers are lubed and sealed at the factory . . . 
keep running for 1000 hours without re- 
quiring added greasing. Sealed track roller 
bearings keep dirt and sand out . . . reduce 


E 4 FOR FURTHER INFORMATION ON 
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If your communications require economy, depend- 


: 


a tower 


So... why settle for half a system? USI Private 
Exchange telephone switchboards (at a fraction 
the cost of ONE microwave tower) add exciting, 
new concepts and advantages. Many features, 
once considered optional, are standard on USI 


» 


ability and all-round effectiveness ... Specify USI! 


UNITED STATES 
INSTRUMENT CORP. 


CHARLOTTESVILLE. VIRGINIA 


TYPE 50B PX 


ae 


maintenance still more to give added productive time. 
Unit also gives you the industry’s only one-piece main 
machinery case. All gears, shafts, and bearings are 
completely enclosed in a constant oil bath. They last 
longer . . . require less maintenance attention because 
lubrication is continuous, automatic. 
See your nearby UNIT distributor soon and find out 
more about the *4 -yd. Model 1220 PIPELINER. It’s 
available with 24” and 30” width deep grous- 
er shoes, or with 36” shoes, semi-grouser type. 


yA UNIT CRANE & SHOVEL CORP. 
6603 W. BURNHAM ST 
MILWAUKEE 19, WIS. 
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Engineered to meet the increasingly exacting demands of modern industry throughout the world, Cameron 
Ball Valves are your key to operating security with maximum economy. Developed by Cameron’s continuing 
research and manufactured from steel and forgings produced by Cameron, these valves are unexcelled 
for general industrial, pipeline, and oilfield use. Cameron Ball Valves are available in ASA and API pressure 
ratings with any type end preparation desired, sizes 2” to 36”. Amazingly compact and easy to operate, 
they are readily adaptable to automated or remote operation. Cameron Ball Valves feature the exclusive 
rotating seat principle which makes practical for the first time the “sealed for life” construction. 
Non-lubricated, bonnetless and glandless, they are maintenance free. Cameron Ball Valves assure you 


MAXIMUM SECURITY 
AND ECONOMY 


CAMERON IRON WORKS. INC 
P. O. BOX 1212 @ HOUSTON, TEXAS 





New SUPER DUMPMASTER Handles Converted 
DUMPSTER Containers...Beats Long-Haul Problem 


"No Container Haul System’ 
. Collects Refuse on Spot 


If longer trips to disposal areas have 
raised your operating costs, a small 
investment in conversion kits pro- 
tects large investments in DUMP- 
STER containers. The Super 
DUMPMASTER handles converted 
DUMPSTER containers up to 12 
cu. yd. and all DUMPMASTER 
containers one thru 12 cu. yd. 





= —— 


Latest Addition to the 


Uiapsrait. 


SYSTEMS 


Owners of DEMPSTER-DUMPSTER Systems 
who now face long haul problems due to move- 
ment of disposal areas may now convert from 
their present “container haul” system to the 
new SUPER DUMPMASTER “no-container- 
haul” system without abandoning their invest- 
ment in DUMPSTER Containers. 


The SUPER DUMPMASTER makes its rounds 
to each converted container, mechanically 
empties the contents into its 30 cu. yd. packer 
body and compacts the material to a fraction 
of its former volume with the 85,000 Ib. force 
of its packer plate. Rather than haul each con- 
tainer to the disposal area, the SUPER DUMP- 
MASTER carries the contents of many con- 
tainers on each trip, cutting collection costs 


drastically. 
L Mfd. Only By 


Write Today for FREE BROCHURE . = ~ = | BE May DEMPSTER BROTHERS 
DEMPSTER BROTHERS | 


Inc 


DEPT. PE-6, KNOXVILLE 17, TENN. 





The SUPER DUMPMASTER engages con- Clearance arms carry it toward hopper Container is rotated, emptying contents into 
tainer. opening. the compaction body. 
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USE THIS ENVELOPE 


to begin your subscription 


to the Edition of 





THE PETROLEUM 


[Em@imeer 








edited expressly for you! 


4 TEAR OUT AND MAIL. NO POSTAGE NEEDED IN UNITED STATES. 


Q . me Peete 
@ \ \Saaaancacts ey\ 


THE PETROLEUM ENGINEER 


DRILLING & PRODUCING 
SPECIALIZED EDITION 


[_] $4.00 for 3 years 
[_] $3.00 for 2 years 
_] $2.00 for 1 year 


PETRO/CHEM ENGINE 


SPECIALIZED EDITION 

[_] $4.00 for 3 years 
(-] $3.00 for 2 years 
_] $2.00 for 1 year 


[_] Payment Enclosed 





THE PETROLEUM ENGINEER 


FOR MANAGEMENT 


INTEGRATED (ALL INDUSTRY) EDITION 


ER 


[ ] Invoice Me 


[ ] $9.00 for 3 years 
[-] $7.00 for 2 years 
[_] $4.00 for 1 year 


SPECIALIZED EDITION 
[] $4.00 for 3 years 
[ $3.00 for 2 years 


|__| $2.00 for 1 year 


[_] Invoice Company 


Check, Money Order or Draft may be safely enclosed in this envelope 
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POSITION 





ADDRESS. 





CITY. 
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( {wsot Model 4017 
SPEED ACTUATED VALVE 


speed function for indicating 
nning engine, as overspeed safety de 
t for automatic starting 
Employs fail-safe and other fea 
ot found in any other control 
e with horizontal or vert 
iounting, direct drive or speed increa 
with electric snap switch if desired 
ndependently adjustable, reset 
ally, manually, or pneumatica 
Write for details 




















Petroleum Chemicals, Inc., Installs 98 
Burgess-Manning Snubbers To Prevent 
Pulsation Damage In New Ammonia Plant 


Foster Wheeler Corporation was 
contracted by Petroleum Chemicals, 
Inc., to design and construct a multi- 
million dollar ammonia process plant 
at Lake Charles. 

Realizing that gas pulsation would 
cause severe operating problems in 
the multi-service process piping related 
to reciprocating compressors, and that 
hazardous pulsation should be engi- 
neered out of the plant in the initial 
design, Foster Wheeler called upon 
Burgess-Manning Company to develop 
pulsation snubbers for various service 
conditions and for installation under 
the original contract. 

Ninety-eight pulsation snubbers of 
46 individual designs were installed 
on multi-stage, multi-service com- 
pressors. The snubbers were installed 
on both the suction and discharge sides 
of the compressor cylinders in what 
is believed to be the largest single in- 
stallation of pulsation snubbers under 
one roof. 

The compressors handle various 
types of gases, ranging in molecular 
weight from 5.13 to 33, at pressures 
from atmospheric to 9,270 P.s.LA.; 
and at discharge temperatures to 350 
F. Under these exacting conditions, 


Burgess-Manning accepted the respon- 
sibility to engineer and supply pulsa- 
tion snubbers of optimum design that 
would: /. Hold the pulse amplitude 
to 2 per cent or less, total surge peak 
to-peak, of absolute line pressure, and 
2. hold a minimum pressure drop 
requirement 

[he snubbers were subjected to the 
stringent specifications of material 
workmanship, and inspection proce- 
dures normally followed by Foster 
Wheeler in process plants of this type 
All forged snubbers for high-pressure 
service were made of high tensile alloy 
steel. Internal assemblies were engi 
neered to withstand extreme forces 

After the plant went on stream 
operational inspection revealed mini 
mum pulsation-induced vibration 
eliminating operating hazards, constant 
maintenance, and upkeep of the 
laterals, headers, intercoolers, and 
separators attendant to the snubbers 

If you are planning a new plant, or 
have a pulsation problem in your 
present plant, it will pay you to consult 
Burgess-Mannineg “The Sound 
Engineering People There's no obli- 
gation, of course. 


AY WITTATTEIU TI TT 


9241 SOVEREIGN ROW e 


DALLAS 7 


Sales Engineering Representatives Coast to Coast 
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COUPLINGS ®’ Wheeling 


LINE PIPE COUPL 


Ye" to 16”—Seomless, 
PLAIN TUBING COU 
1” to 4” —Seamless 
EXTERNAL UPSET TUB 
%” to 4”—Seamless 
CASING COUPLINGS 4. P 
44” to 13%”—Long or Short * 
HYDRAULIC COUPLINGS 
We” to 4° —Seamless 
REAMED AND DRIFTED A, 1. 5.1 
1” to 12°—Seamless ; 
DRIVE PIPE COUPLI PP //// y 
6” to 12”—Seamless 4 UL 
PIPE NIPPLES Wy 
All Sizes and Type 
\ STEEL BUSHI 


. Merchant ong 


WHEELING MACHINE PRODUCTS CO. 


Wheeling, West Virginia 
West Coast Factory: Woodlake, California 





For Constant, 


rupted 


POWER FLOW inthe 


SEMI-ENCLOSED — normal of medium slip, 3 
phase, 60 cycle. Has prelubricated ball bear- 
ings in semi-enclosed protected housing, 40 
degree C rise. Built for continuous duty. High 
Torque, low starting current. Extra insulating 
coating throughout 


TOTALLY ENCLOSED — Fan cooled, normal or 
medium slip, 3 phase, 60 cycle. Has prelubri- 
cated ball bearings, totally enclosed FAN cooled 
55 degrees C rise, for continuous duty. High 
Torque low starting current. Extra insulating 
coating throughout 


OIL FIELDS 


You'll Never Go Wrong 
with 


BALL BEARING MOTORS 
Here’s Why... 


They are specifically designed to overcome 
the unusual conditions of Oil Field re- 
quirements, and there is a type and H.-P. 
built to fit your exact needs. Unexcelled 
since they are... 

e DRIP PROOF 

e VERMIN PROOF 

e MOISTURE PROOF 

e CORROSION RESISTANT 

e FORCED AIR COOLED 

e HAVE SEALED TERMINAL PORT 


Write for fully descriptive literature 


BETHLEHEM STEEL CO. 


Supply Division 


Tulsa, Oklahoma 


Manufactured by Valley Electric Corporation, St. Louis 8, Mo. 
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zation to the office of civil defense and 
mobilization. His former position was 
secretary, treasurer, and superintendent 
of drilling and production for Simmons 
Royalty. 


> T. M. Thompson, General American 
Transportation Corporation president 
for the past year, was elected board 
chairman and chief executive officer 
succeeding Sam Laud. Laud is chair- 
man of the executive committee. Spen- 
cer D. Moseley, director and assistant 
to the president, is now president. Rob- 
ert G. Biesel, vice president and di- 
rector, was elected executive vice presi- 
dent, and J. I. Levy, vice president and 
general counsel and director, is vice 
president, law and finance. 


> Joe A. Moss was named secretary 
of Cosden Petroleum and continues as 
assistant general counsel. He succeeded 
Nelson Phillips Jr., director, vice presi- 
dent, and general counsel. 


> Dr. William E. Bradley, director of 
research for Union Oil of California, 
was elected a vice president. He has 
obtained patents on various petroleum 
processes and products and authored 
numerous scientific papers. 


> William G. McKnight Jr., general 
partner, Eastman Dillon, Union 
Securities & Co., was elected a director 
of Tidewater Oil Company. He is direc- 
tor of several companies. 


Deaths 


> Harold H. Wilson, director, Gulf 
Coast operations for Jones & Laughlin 
Supply Division, died April 19 in 
Houston. He joined the company in 
1920 and became a prominent leader 
in the oil industry supply business. 





> S. Miller Williams Jr., 73, retired 
president and one of the founders of 
Williams Brothers, died April 13. He 
was principal builder of most of the 
first large utility gas pipelines. 


> Douglas S. Bushnell, 87, retired 
president of The Buckeye Pipe Line 
Company, died April 20. He served in 
various Capacities of the pipeline in- 
dustry, notably in its relations with the 
Interstate Commerce Commission. 


> Mac D. Oliver Jr., 43, president of 
Producing Properties Inc. of Dallas, 
died April 17. He was formerly chief 
engineer with San Juan Oil Co. of 
Dallas. 


> Henry E. Bedford, 75, former Stand- 
ard Oil executive, died May 4. 
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Bachelor: A man who leans toward 
women but not far enough to altar his 
stance. 

a” * * 

Why can't life’s problems hit us when 

we're 18 and know everything. 
- * * 


Reporter: “Tell me, Pop, to what do 
you attribute your longevity?” 

Retired Truck Driver: “Well, it’s thisa- 
way sonny. I waste no energy resisting 
temptation.” 

* * & 

John: “My wife has the worst habit of 
staying up until one and two o'clock in 
the morning and I can’t break her of it.” 

Joe: “What is she doing all that time?” 

John: “Waiting for me to come home.” 

* *+ * 


Girl: “I want a 12-ounce bottle of per- 
fume that will set the blood coursing 
passionately through the veins of my boy 
friend.” 

Salesgirl: “Surely, I have a brand here 
that will satisfy your maximum require- 
ment. But frankly I consider it unsports- 
manlike. It’s sort of like dynamiting fish.” 

‘* * 

“And as the lion came charging at me,” 
related the famous explorer. “I turned and 
made a leap for an overhanging branch 
25 ft above the ground.” 

“And did you make it?” asked his 
listener breathlessly. 

“Not on the way up”, was the reply, 
“but fortunately I caught it on the way 
down.” 

* ~~ ~~ 

A bit stumped by the case at hand the 
doctor told the young lady “You've either 
got a cold or you're pregnant.” 

“I must be pregnant” decided the 
patient. “I don’t know anybody who 
could have given me a cold.” 

* * * 


A fellow was going in for a landing on 
Mars when he spotted a gorgeous nude 
blonde. When the rocket came to a halt, 
he threw open the door in keen anticipa- 
tion and rushed toward the enchantress. 
Much to his dismay, she was 20 ft tall. 

“Take me to your ladder,” he stam- 
mered. “I'll see your leader later.” 

* * . 


A husband that is as busy as a bee may 
wake up one day and find his honey gone 
* * * 


Sign seen at filling station: “Fill your 


car and drain your family.” 
* * iad 

An ounce of suggestion is sometimes 

worth a pound of lure 
*> + * 

It is an exceptional woman who gets 
out of a man’s life without banging the 
door. 

* * & 

Don't worry about your hair falling 
out. Think how bad it would be if it 
ached and you had to have it pulled. 

* * * 

The following ad appeared in a small 

town weekly paper some time ago: 
FARM SALI 

“On account of the death of my wife, 

I have decided to quit farming and 

move to town.” 

Seems as though some farmers never 

quit. 

* + * 

Headline in recent N.Y. newspaper: 
Father of 10 shot, mistaken for rabbit. 


Section 





After viewing the day's takes, the tem 
permental movie actress complained to 
the chief cameraman, “You're not photo 
graphing my best side.” 

“How can I?” he snapped. “You are 
always sitting on it.” 


* 


At a recent oil convention, a rather 
glum looking oilman walked into a wom- 
an’s dress shop and silently handed a 
saleslady a slip of paper which read: 

“To whom it may concern: Since I am 
tired of returning black nightgowns, off- 
the-shoulder blouses and similar articles 
after every convention, and since the 
bearer of this note seems to think I am 
exactly the size of the current salesper- 
son, here are some statistics and infor 
mation: I am five-feet-three inches tall, 
weigh 135 Ib, wear a size 13 dress and 
size 10 stocking. I do not like the color 


SAVED! 16,000 Lbs. in total truck 
weight! SAVED! 25% on initial price! 
Thanks to the rigid demands of Pro- 
ducers Chemical and the ingenuity of 
FRANK WHEATLEY'S engineers, this 
quintuplex, non-surging plunge fj — 
er pump is now available at | 

a savings of 25% over com- 

petitive units. For fracturing, 
cementing, salt-water disposal 

and water flooding—talk to 

your FRANK WHEATLEY repre- 
sentative about the pump that 

only weighs 10 Ibs. per horsepower 
... The FRANK WHEATLEY Series 400. 
Series 400 features: 10,000 PS! MAX. 
e 8,500 BPD © 75,0004 PLUNGER LOAD 
© § PLUNGER SIZES AVAILABLE. © CAN 
BE TWIN-MOUNTED BACK-TO-BACK. 
© AVAILABLE IN TRIPLEX MODEL. 
The biggest reason FRANK WHEATLEY 
is “number one” in plunger pump sales 
is not only “completeness-of-line” but 
EFFICIENT FIELD SERVICE! A team of 
twenty men is ready day and night! 


leh 


When it comes to pumps—Come to 
FRANK WHEATLEY — THOUSANDS AL- 


READY HAVE! 
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green, wide stripes, polka dots or nylon: 
without seams. Please do not sell him th 
most expensive gift in the store as we have 
to eat next week, too. Thanking you in ad 
vance, | am sincerely, Wife of the bear 
Aw, baby where's your heart 

pleaded 

“Straight down my throat, first 
the left.” 

* 2 

One way to keep your teen age daugh 
ter out of hot water is to put dirty dishes 
in it 


There’s no thrill like kissing a girl and 


dropping an ice cube down her back at the 
same time 


+ 


Experience is what permits you to mak 
the same mistake again without getting 
caught 


SERIES 400 
PAT. PEND. 


challenge! 


@ 5-clindon, pulmyp- 
4" MaKe [oma x 
5 wkd ~ 5000" wit, 
G00 hp.- 600 ryt 


baud it 
couldnt be done! 


than They came To 
Tank Wail 


E-11 





Books To Read... 





> Corporate Diagrams and Administrative Personnel of 
DO YOU NEED the Chemical Industry, /96/ edition edited by Kenneth R. 
OAS Kern. Published by Chemical Economic Services, P. O. Box 
Pee) Rye diiagte) || ? 468, Princeton, New Jersey. Price: $20, including September 
/ e supplement. Reduced rate when ordered in larger quantities. 
Fold-out line diagrams of personnel in 51 companies and 
listings for 42 others are assembled in a handy loose-leaf 
binder. Included are charts for five and lists for eight 
petrochemical companies, covering most major oil compa- 
nies that have significant petrochemical operations. Indexed 
for quick reference, this publication provides a centralized, 
up-to-date source of key personnel in practically all im- 

portant chemical companies. 


> “Measurements for Engineering and Other Surveys,” )) 
Michael V. Smirnoff, Prentice-Hall, Inc., Englewood Cliffs, 
New Jersey. Pages 556. Price $9.75. 

Written primarily as a textbook, this book presents the 
art and science of surveying in a manner easily adaptable 
for field instructions and lecture presentations. It shows 
how to produce better planned and better executed surveys 
WATER The text consistently points out what accuracies of meas- 
urements may be expected from the use of various types 
of instruments, equipment and procedures, by clearly ex- 
plaining the use of surveying equipment and instruments 
in all fundamental operations. A general theory of measure- 

ENGINEERS = CONSTRUCTORS ments and errors, and the use of significant figures in meas- 
urements are presented in a simple and effective manner. 
NBT BUILDING, TULSA, OKLAHOMA / CABLE: WILLBRO Other pertinent topics include explanation of the use of 
NEW YORK / WASHINGTON LOUISVILLE state systems of plain coordinates, engineering astronomy, 
MINNEAPOLIS / CARACAS / BOGOTA / LA PAZ / EDMONTON underground surveys, and topographic, hydrographic and 
ALGARY LONDON ANKARA TEHRAN photogrammetric surveys. 
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PIPELINE SYSTEMS 


WHEN 
SPARK... 


CAN MEAN 


EXPLOS/OM: 


Eliminate the spark with Sound-Powered 
telephones. Explosion-proof design plus no 
power requirements can prevent explo- 
sion/fire disaster at your well-head, tank 
farm or refinery. Plan for safety! 

Request our Specify ... USI! ! 

Catalog 400-D 

NOW ! ! 


COR P. BF 
UNITED STATES INSTRUMENT CORPORATION 


CHARLOTTESVILLE. VIRGINIA 


FOR FURTHER INFORMATION ON OIL AND GAS INDUSTRY pes June, 1961 


ADVERTISED PRODUCTS, SEE READER SERVICE CARI ection 





THE PETROLEUM 
LDS, Q, BS 
LAING@UMNeeSIP 


3 


International Operations 











sfc 8 THOMAS 
feo HARRELL 





SULLIVAN 
CARLSON 
SIMPSON 
LUIBKE 
ELLIOT 
WINTERS 
JOHNSON 
LEDOUX 
WILSON 
SMITH 
CORTEZ 
PAGE 





OUR MOST IMPORTANT PRODUCT 
HALLIBURTON PEOPLE and their capable per- 


formance have proved to be our most important product. 

In Halliburton’s more than 35 years of performing over 3,000,000 
service jobs, our customers have benefited from the world’s finest 
equipment, materials and techniques. But it is Halliburton people 
who have obtained maximum performance from them for 
Halliburton customers. 

Halliburton Company is people. People founded it, people made 
it an industry leader, and people will continue to add the personal 
touch in serving the needs of all Halliburton customers. 


a 


Halliburton COMPANY 


DUNCAN, OKLAHOMA 


POTENTIAL MILLIVOLTS 


— >| 20} + 


- ,90 at 214°F, 
- .45 at 214°F, 
- .97 at 214°, 
- 214°F, 

Size - 8 3/4" 


RESISTIVITY OHMS M2/M 


18” NORMAL 


RESISTIVITY OHMS M2/M 


16’ LATERAL 


18” AMP. NORMAL 


40” IND. RESISTIVITY 


Welex Induction Log With LONG LATERAL 


Pinpoints Rt, Thin Zones Where Others Fail 


A couple of points to remember about 
using an induction log to determine Rt: 

1. Under certain invasion conditions and 
diameters, an induction curve does not read 
Rt directly. 

2. An induction curve also often over- 
looks thin (4’ or less) resistive zones 
bounded by conductive zones. 

Now addition of the Long Lateral curve 
to the Welex Induction-Electric Log solves 
both problems simply and accurately. 

For the first time you now can get a truly 
COMPLETE Induction-Electric Log — one 
that pinpoints those thin, hard-to-see zones 
and overcomes the effect of deep invasion 
in determining true resistivity. This is an- 
other “first” by Welex. 

The problems of deep invasion on short- 
spaced curves became apparent early in the 


evolution of well logging. 

Even with today’s advanced tools this 
same problem of invasion continued to exist 
— until the introduction of the Long Lat- 
eral curve to the Welex Induction-Electric 
Log. 

This new development offers the industry 
a tool that can run simultaneously an 8.P. 
curve, 18” normal curve, deep investigation 
40” Induction curve and either a 16’ or 24’ 
Long Lateral curve. 

This is the COMPLETE Induction-Elec- 
tric Log, and when run with one of Welex’s 
porosity logs, interpretation using Welex’s 
simplified charts or “pigtails” is easy, quick 
and accurate. 

That’s why Welex is your best choice 
every time. Call your nearest Welex repre- 
sentative. 


A Division of Halliburton Company 


General Offices: 


1728 Old Spanish Trail, Houston, Texas 





Of Things To Come ... In Oil 


TEXAS FACES CONTINUED PRODUCTION CUT-BACK according 
to Dr, John M. Ryan, economist, Humble Oil. Speaking at a 
recent Public Affairs Conference in Beaumont, Texas, Ryan pre- 
dicted that Texas may be faced with a static crude producing 
outlook with about 100 days of production a year for the next 
year or two. “Facts indicate that the Texas oil industry has 
declined in profitability for at least a decade,” he said. “The rate 
of return on capital invested in the industry is still about at a 
post-war low.” 


KENNEDY’S SMALL GAS PRODUCER PLANS will not find easy 
approval in the Congress. Also, JFK’s proposal to enlarge the 
Federal Power Commission and to give the President authority 
to remove or name the commission chairman at will is expected 
to meet opposition unless the President is willing to accept other 
changes in the Natural Gas Act. Congressional leaders are reluc- 
tant to back Kennedy’s proposal to exempt from regulation pro- 
ducers with yearly production of 2,000,000,000 cu ft or less 
without other changes in the law. 


USE OF DUAL-WEIGHT DRILL PIPE WILL EXPAND as successful 
field service continues. Pip- has thin walls along most of its 
length but is thicker at the box end of the pipe, permitting most 
advantages of thin-wall pipe but giving necessary strength in the 
slip area of the pipe to resist crushing and bottlenecking. 


INTERIOR DEPARTMENT WILL FIGHT MEXICAN “LOOP-HOLE” 
IMPORTS in an effort to restrict crude movement from Mexico 
into South Texas. Three oil companies and an oil broker have 
been bringing tankers to Brownsville, Texas, where the oil cargo 
is put under bond and trucked into Mexico. It is then brought 
back into Texas, taken out of bond, and considered as unre- 
stricted overland imports. 


PLANS FOR MOHOLE WILL CONTINUE following successful tests of 
methods and equipment off Guadalupe Island. Engineers and 
scientists connected with the tests predict that drilling of the 
Mohole will begin within about two years after construction and 
assembly of equipment and selection of the site are completed. 
Based on the recent tests, the turbodrill can be expected to play an 
important part in the project. 





a 
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Demand Careful Equipment Investment 


These three new Ajax Full Dollar Value 
Single Engine Compressor Units have been 
designed to help you buy closer to your 
actual needs with a reasonable margin of 
power reserve. 


DPC-60 — 60-HP 
DPC-80 — 80-HP 
DPC-115 — 115-HP 


Equipment investment costs are more crit- 
ical today than ever before. 


Let Ajax engineers work with you to deter- 
mine your real needs and minimum invest- 
ment for maximum returns from equipment 
and equipment investment. 


—— ee 


ENGINE-COMPRESSOR 


Send for detailed technical specifications 
brochure today. 


AJAX IRON WORKS — corry, PENNSYLVANIA 
Oil Field Distributors 
@ The National Supply Co. — Pittsburgh, Pennsylvania 
AJAX . . . also @ Bethlehem Steel Co. — Supply Division, Tulsa, Oklahoma 
builders of 


ENGINES PUMPS @ Mid-Continent Supply Co. — Fort Worth, Texas 
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Replaces the Double Pole Mast where 
it is desirable to pull doubles for rod 
and tubing work. 


Greater speed with features such as auto- 
matically positioning rod and _ stacking 
boards. Top section automatically locks into 
position. 


Triangular construction gives greater strength 
with less weight. Rated 100,000* with 2-to-1 
safety factor. 90’ derrick. 


Minimum guying required for wind protec- 
tion only. Rigs up faster than clumsy 87 ft. 
double pole. 


Single hydraulic ram raises mast. Excellent 
visibility adds to many other safety features. 


CABOT CORPORATION 
MACHINERY DIVISION 


FOR FURTHER INFORMATION ON B-5 
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Trinity 


LITE-WATE 


A Complete 
Low Density 
Cement 

with 


EXCEPTIONAL 


COMPRESSIVE 
STRENGTH 


Strength is recognized as one of the 
important qualities of an oil well ce- 
ment slurry. TRINITY LITE-WATE 
cement develops exceptional compres- 
sive strengths. 
In the range of lightweight cement 
slurries, TRINITY LITE-WATE pro- 
duces a slurry which is: 
Light enough to circulate. 
Strong enough for any 
casing seat. 
Strong enough to permit 
hydraulic fracturing. 
Impervious to migrating fluids. 
Sulfate resistant for lasting 
casing protection. 
For TRINITY LITE-WATE cement 
call your service company. 
For complete Laboratory Data call 
your local Trinity Representative or 
write Dallas Office, P. O. Box 2698 or 
phone Riverside 2-8111. 
376 lb. Barrel 94 Ib. Sack 


75 lb. Dry Volume per cubic foot 





"TRIN I’Ierx 





PORTLAND CEMENT DIVISION 
GENERAL PorRTLAND CEMENT COMPANY 
DALLAS: FT.WORTH:+ HOUSTON 


12% 
LB. SLURRY 
LITE ENOUGH 
70 CIRCULATE SS 
ANY STRING 


13/4 
LB. SLURRY 
STRONG ENOUGH 
FOR ANY 
CASING SEAT 


ie] 
TRINITY 


c 


pL Rete | 
ORTLAND CEMEN 


SCS 
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30 Grove G-6 ASA 1500, 
2” regular port vaives. 
Proved in critical off- 
shore service on 
ODECO's ten well pro- 
duction header mani- 
fold. 


‘ 
——— a 


< a ee 
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OR 
MANGO 
SEL 


With Flow Characteristics Superior 
to Plug Valves. 


Tnough reduced to a compact 14%” overa 

height, new Grove G-6 valves provide a round 
opening for ideal flow characteristics. G-€ 
Regular Port Valves feature field proved Grove 
Seal-“O"-Ring® system that provides a pr 

mary, positive metal-to-meta!l seal backed ur 
by o-rings to assure bubbie-tight closing. And 
because G-6 valves never need lubrication or 
sealing compounds, these maintenance costs 
are eliminated. Designed for flow lines, tub 
ing and casing heads, wing valve and man 

fold services. 2” size in ASA 900, 1,500 and 
API 3,000#, 5,000# wog. 


GROVE VALVES 
GROVE VALVE AND REGULATOR COMPANY 


a subsidiary f Wa/lw 
6529 Hollis Street, Oakland 8, California 
Offices throughout the U. S. and in Western Canada 
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BRIGHT NAME IN THE OIL PATCH” 


VIELE mel) LOM SLs Packers 


Lynes inflatable packers successfully seal with complete safety in open hole 
or casing to reduce production costs and for economical, positive open hole 
formation treating and testing. Holds against high differential pressures 
above or below without weight, hold down, slips, or tailpipe. Does many 
jobs other tools cannot attempt. 


“PIP” PACKER WILDCAT SERVICE PACKER 


Sales packer for all production uses. 








Single or straddle packer, opens above, below 
and/or in between. Can be moved and re-set 


CONVENTIONAL TYPE without coming evt of hele. 
PACKERS 


LYNES has a complete line of hook 
wall packers, proved in years of serv- 
ice in every oil field in the world. 


INFLATA-TEST 
TUBING PRESSURE 
TEST SERVICE 


LYNES modern, trailer-mounted tubing 
test units utilize the positive holding 
power of the LYNES inflatable sealing 
element for fast, money saving on- 
location test service of all tubing in- 
cluding plastic lined and rough tubing. 


P. 0. Box 12486 Houston 17, Texas 


¢ 
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Now one 
O-CT well head 
meets every need 


TC-1B 
(Slick-joint) 


TC-16-1S 
(Slip-mandre! for 
tubingless comple 


TC-3C 
(Triple mandrel) 


j TC-1A 


(Mandrel) 


per packoff) 


(Dual mandrel) 


O-C:-T’s TC MULTI-HEAD HANDLES 
TUBING or CASING, SINGLE or MULTIPLE COMPLETIONS 


0-C-T’s versatile TC Multi-Head helps you reduce 
your well-head inventory because you can use it on 
practically any well. 


The TC Multi-Head suspends either tubing or casing. 
It accepts 13 different hangers for single, dual, or 
triple completions. These hangers provide either 
threaded or slip-type suspensions. All hangers for 
the TC Multi-Head can be furnished with O-C-T-Otis 
back pressure valve grooves. 


The TC Multi-Head saves rig time because you need 
not replace it to change your completion plans. Just 


oe \ es 


Vw! 
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Several technical brochures are now availabee~ 
on 0-C-T equipment, and others are being ~ 
\ prepared. Write us for the brochures you 


. Th “O-C- 
& want. Those now available include ‘‘0-C-T OIL CENTER TOOL ¢o. 
BSil Oc 


select the right hanger to meet your needs. 


Complete control can always be maintained because 
all hangers pack off completely when landed. No 
packing or plastic sealer is added after blowout 
preventers are removed. 


A full-opening 6-inch TC Multi-Head is available that 
permits running a 63-inch bit through 7%-inch 
casing. 


See your O-C-T representative for complete infor- 
mation on the TC Multi-Head. 


CT 


Flow Controls and Chokes,” “0-C-T Independ- 
ent Well Head Equipment,” ‘0-C-T Tubingless 
Completion Well Head Equipment,”’ “‘0-C-T Well 
Head Equipment for Storage Wells.” 


ARY OF F MACHINERY ANC HEMICAL CORPORATION 
Address Export Inquiries for All Countries to 
P. O. Box 3091, Houston, Texas 
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NEW by CLARK 


000 bhp COMPRESSOR 


ON dott ond... 
bUMPLETE! 


It’s called the Ve e Pa C and you can see at 


a glance that here is the most compact, most versatile, most 
long-lived packaged compressor available today. Now you 
can have a unit up to 1000 bhp complete with radiator and all 
accessories mounted on a single skid only 35 feet long. 
Designed For Field Service, offshore platforms and process 
use, the VeePac combines V-Engine compactness with the 
known reliability and simplicity inherent in Clark 2-Cycle 
design. The use of large blocks of horsepower in one package 
affords new savings in space, total units required, installation 
costs and operating expense. 
Versatility is a key feature. Depending on the service, the 
VeePac can be equipped with compressor cylinders on one or 
both sides of the crankcase. For low suction pressure applica- 
tions, as many as six large compressor cylinders can be used. 
A Constant Pressure Turbocharger packs vast amounts of 
scavenging air into the combustion system, thereby boosting 
power output, reducing fuel consumption and lowering cool- 
ing duty. Completely automatic in operation, it tailors the " 
air supply to engine demands over the entire operating range. {DRESSER 
Variable-Speed, Variable-Load applications present no prob- ™N gy a 
lem. An automatic ignition timing control combines with the : oe 

; . OIL + GAS + CHEMICAL 
turbocharger to provide exceptionally good response, good ELECTRONIC - INDUSTRIAL 
speed control, and low fuel consumption over a wide range. 
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Clark VeePac Mode! TVM-12, 
Turbocharged, 2-Cycle Gas-Engine- 
Driven Compressor is rated at 1000 bhp. 


Construction is extra heavy throughout to handle the high 
horsepower delivered by turbocharging. In addition, Clark 
2-Cycle design with fewer moving parts and conservative rat 
ing, assures long periods of “uptime” plus ample reserve for 
temporary overloads. 
To Simplify Installation, the VeePac can be mounted on a 
single skid including radiator and all accessories, a duplex 
skid (radiator and accessories separate), or supplied as a 
stationary unit. 
A Unitized Radiator of Clark design provides all cooling serv 
ices for both engine and compressor including lube oil, jacket 
water and up to three gas streams. Cooling sections are 
stacked vertically on two opposite sides of the radiator. Air is 
drawn horizontally over the cooling surfaces and discharged 
vertically from the top. 
Available in Two Sizes—10 and 12 power cylinders rated at 
CLARK BROS C0 825 and 1000 bhp respectively, the Clark VeePac Model 
‘ P TVM is designed to help you boost the efficiency of every com 
OLEAN, N. Y. pressor dollar you spend. For full information, contact your 
Engines Compressors Gas Turbines nearest Clark office or write for new illustrated Bulletin 191 
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What a tough way to come into the world! 


This mark tells you a product is made of modern, dependable Steel 











rom & 
be ae Ake | ‘ 


The piercing operation is one of the first steps in creating 
seamless pipe from a solid section of steel. After we set 
the hot steel billet in place, we ram it. Spin it. Push its 
insides out. And stretch it into a hollow over six times 
longer than the original piece of steel. 

Only the highest quality steel can survive this forging 
operation—and the stress and strain encountered in drilling 
and production work. That's why USS National Seamless 
is the best pipe you can use in the oil country. For drill pipe, 
casing or tubing that can really take it, order USS National 


Seamless Pipe. USS and National are registered trademarks 











National Tube 
Division of 
United States Steel 


Columbia-Geneva Stee! Division. San Francisco 
Pacific Coast Distributors 


United States Steel Export Company. New York 


TTT) IDEA TTR 





Dual-purpose chemicals for 


OIL PRODUCTION 


...CONTROL BACTERIA! Oil field operators are 
successfully using Armour Arquad® T-2C-50 
and Duomeen® CD-50 dual-purpose 
chemicals in flood-waters. They control 
sulfate-reducers and other bacteria. Results: 
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elimination of formation ‘‘plugging’’; 
improved filter operation; gradual cleaning 
of injection lines; power cost savings due 
to lower injection rates. 
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ON-THE-SPOT BACTERIA DETECTION! 
Through intensive research, Armour has 
developed a field-testing kit that allows 
Armour representatives to make on-the- 
spot tests to detect bacteria. Samples of 
water, drawn at well site, are injected 
into bottles containing a specially pre- 
pared Armour broth. The test determi- 
nation enables you to treat with 
bactericides before problems occur. 


AN OUNCE OF PREVENTION! Have an 

Armour representative explain how 

speedily and accurately his new field- 
..- INHIBIT CORROSION! These same Armour dual-purpose testing kit can detect bacteria. Contact 
chemicals inhibit corrosion by adsorbing onto metal him today—his specialized experience 
surfaces in the presence of water. This effective control and knowledge of oil field conditions are 
lengthens equipment life, reduces down time, at a very at your service. District sales and service 
low concentration of the chemicals. In addition, they act offices in Chicago; Dallas; Tulsa; 
as combination inhibitors in brine disposal operations, field Denver; Houston; Los Angeles; 
repressuring projects, pipelines and water cooling towers. Robinson, Ill., and Calgary, Canada. 


PETROLEUM CHEMICAL SALES DEPARTMENT 


Armour Industrial Chemical Company 


One of the Armour Chemical Industries « 5738 N. Central Expressway + Dallas 6, Texas 
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A low-cost casing head designed for 
positive trouble-free completions 


The Rector Type M-4 casing head is a simple and 
compact head, designed especially for the safé, 
economical completion of any medium pressure 
range well. 


The Rector M-4 seals permanently, without the 
use of resilient packing. It carries a restricted 
ring groove for final setting which upgrades the 
working pressure of the flange connection to the 
next higher rating, permitting connection of the 
next higher pressure rated tubing head without 
the use of cross-over flanges. 


The Rector M-4 flange has a standard A.P.I. ring 
groove for attachment of drilling control equip- 
ment and is furnished with a removable drilling 
protector ring. 


For economy and dependability choose a 
RECTOR M-4 casing head for your next com- 
pletion. Available through your favorite supply 
store or your RECTOR representative. 


S=Rector 


WELL EQUIPMENT CoO., INC. 


Making the CAL ou Usley Siler / — 1! 


a 3 


1100 North Commerce, Fort Worth, Texas 
Houston Plant: 2215 Commerce Street 


EXPORT REPRESENTATIVES: CONTINENTAL-EMSCO CO., MID-CONTINENT SUPPLY CO., OILWELL DIVISION OF UNITED STATES STEEL CORPORATION 
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ADDITIVE FOR DRILING Mups 


— & © 
DRILLIN 2 
ee eH ing 


SOLTEX is a new and extremely versatile mud additive. One of its 
many uses is to replace oil in drilling muds . . . except where oil is 
used for weight reduction. In well after well, SOLTEX has proved 
that it gives the advantages of oil . . . without many of its disad- 
vantages. 

SOLTEX provides lubricity, reduces torque and drag, reduces pipe 
sticking, extends water loss control, and stabilizes the mud system. 
SOLTEX does not require extra weighting material as does oil when 
used in weighted muds. It does not require an emulsifier or limit the 
use of other mud additives. SOLTEX does not soften the filter cake 
and cause it to pull loose. On the contrary, it adds to the texture of 
the filter cake and keeps hole sloughing to a minimum. SOLTEX re- 
mains stable at high temperatures. Geologists prefer SOLTEX be- 
cause it does not affect the fluorescence of cuttings. 


” 


*A trademark 


& Perhaps SOLTEX can help solve your mud 
problem or save you money. For information et 
on the many uses of SOLTEX —see your Drill- tae: 

ing Specialties Representative . . . or contact DRILLING SPECIALTIES COMPANY 


Bertiesville, Okicheme 


your mud dealer. 
=" 
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Typical Use of DUPLEX Equipment 


The drawings below illustrate a simple lap-type liner 
cementing job. The cementing string is connected to a 
left-hand thread in the top of the DUPLEX Shoe, and 
carries the weight of the liner as it is run in. The 
back-pressure valve prevents any flow-back of the 
cement slurry placed outside the liner. Excess cement is 
washed out through the circulating sub, after dropping a 
buoyant tripping ball to open the ports. The cementing 
string, expansion joint and sub are disconnected, by 
rotating to the right, and removed from the well. The 
inside of the liner is left clean and free from cement. 


Cemented 


TINGSHOE || '|f ™ 

















WHAT YOU CAN DO WITH BAKER DUPLEX EQUIPMENT: 


® You can successfully cement liners, combination strings, and 
perform certain types of two-stage cementing. 


Cementing 
® You can cement blank sections of pipe below a perforated sec- String 
tion, without any need to use auxiliary equipment. 





® You can wash out cavings ahead of the string when setting a i 
| 1 


perforated liner. Without DUPLEX Equipment you can circu- FLOW 
late only through the topmost perforations—with DUPLEX you 
can circulate clear to bottom. 

Cementing 





Liner 











® You can use DUPLEX equipment with or without a liner hanger. 





®# You have complete control of the liner at all times when ; { 
. . ° . ° Bak 
DuPLex Equipment is used. The liner can be raised or lowered, ; he oll — 


Joint 


and is positively held down in place while cementing. l: 








® Ask your Baker Representative to tell you about other appli- 
cations for DUPLEX Equipment; or write to Baker Oil Tools, 
Inc., P.O. Box 2274, Terminal Annex, Los Angeles 54, Calif. Baker Type “'E 


Circulating Sub 


























BAKER OIL TOOLS, INC. » HOUSTON « LOS ANGELES + NEW YORK . { 
Baker Duplex 


y Cement Wash 











Down Whirler 


. a. : ; Float Shoe ; 
CEMENTING CIRCULATING 


LINER CEMENTING SHOES AND COLLARS 
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FRENCH CONTRACTOR ENGINEERS 
MUD MANIFOLDING SYSTEM 


JEAN E. GALLON ond THOMAS E. McDOWELL 


Societe Languedocienne de Forages Petroliers, Paris, France 


Table 1. Pump Efficiency Test With 714 x 6-in. Mud Pump. 


Suction Disehar 


Pressure Pressu 


D 


Psi Ps 
64 


5.0 


(Pump Started to Knock) 


70 
) 
665 
600 
585 


{H0) 


M 
‘ 


Mud Volumetric Strokes 

Weight Efficiency per 
lit Lb/Gal o Min 
4 68 


Q4 hs 


(Increased Mud Weight) 


) 


HYDRAULIC AND DRILLING en 
gineers of Societe Languedocienne de 
Forages Petroliers with headquarters 
in Paris, France, have engineered 

unique and efficient mud manifolding 
system for its large drilling rigs. The 
new system was designed around tw« 
centrifugal pumps. Objectives of the 
engineers were to increase mud pump 
efficiency; raise mud weights from 9 Ib 
per gal to 17 Ib per gal in only one 
circulation (or cycle) of the mud 
achieve greater agitation in the mud 
tanks; degas and desand mud; operate 
mud pumps in parallel or series; and 


simplify moving and rig up 


FIG. |. Engineered mud manifolding system for big rigs uses two centrifugal pumps. Standard size of 
all main mud lines is 6-in. Drawing shows relation of component parts of system with rig and mud pumps 


THE PETROLEUM ENGINEER, June, 1961 





FIG. 2. Operating position of all mud system components in relation to rig, engines and 
pumps. Tank in lower right-hand corner contains three shale shakers. Dual centrifugal pump 


unit located beneath mud house at center right. 


Increasing Pump Efficiency 


A mud pump in good condition has 
an efficiency of 90 to 95%. One of the 
causes of pump inefficiency is a pheno- 
menon known as cavitation, the devel- 
opment of vapor bubbles in the mud. 
When this occurs, pump efficiency can 
drop to 60% (Table 1). Occurring in 
the suction, it can be detected by pump 
knock. Cavitation occurs when liquid 
in the mud is exposed in the suction to 
a pressure equal to or less than its 
vapor pressure. A long equivalent suc- 
tion induces lower pressures when 
coupled with a high temperature mud, 
the critical vapor pressure is reached 
ind cavitation occurs, reducing the 
pump’s efficiency. The solution is to 
a positive pressure to the mud 
pump suction 

The unit designed to do this consists 


supply 
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of two centrifugal pumps, mounted so 
they can be driven by one 140-hp 
diesel engine (see Fig. 3). Each centri- 
fugal pump has a capacity of 1100 gal 
per min at 140 psi with 8.5 Ib per gal 
mud; and 760 gpm with 17.8 lb per 
gal mud. These pumps are manifolded 
so that each can perform separate 
functions at the same time. One can 
mix mud while the other supercharges 
the mud pump. Only when the mud 
weight reaches 17.5 lb per gal is the 
load sufficient so that it is necessary 
to shut down one pump. By super- 
charging mud pump suction, a more 
efficient and economical use is obtained 
from this expensive piece of equipment 

Having solved the problem of the 
mud pump suction, it was necessary to 
examine the suction system of each 
centrifugal pump 


Centrifugal Pump Manifolding 


Simple tests indicated that all suc- 
tions over 6-in. in diameter established 
conditions of laminar flow for mud 
volumes up to 1000 gpm. Under lami- 
nar conditions, solids would drop out 
of the mud in the larger suctions until 
such time as the effective suction area 
was reduced to an area that re-estab- 
lished turbulent flow. This area is equal 
to the area of a 6-in. line. Equilibrium 
is established at this point. There was 
no need for large diameter suction 
lines, and all suction lines in the mani- 
fold were made the optimum 6-in. 
which facilitates rig up and tear down. 
All discharge lines were made 6-in., 
which further simplifies moving. A 
new fast coupling for the 6-in. lines was 
designed and is now made in France 


Mud Mixing 


The centrifugal pump unit, being a 
high-volume, low-pressure unit, lends 
itself well to mixing large quantities of 
dry mud. A good look was taken at 
the mud hopper. The mixing jet was 
changed from 3-in. to 2'42-in. and the 
bottom of the hopper was made 6-in. 
in diam. With this redesigned hopper, 
and the centrifugal pump, a nozzle 
velocity of 93 ft per sec is obtained at 
1420 gpm with 10 lb per gal mud. This 
redesigned hopper and centrifugal 
pump hookup has a capacity of 165 
tons of dry mud material per hour. 
This amounts to 3300 sacks of mud 
per hour, which is more than a crew 
can physically handle. So, an auto- 
matic conveyor is used to transport 
mud from storage to the hopper. This 
capacity is also greater volume than is 
needed for the mud pumps 

Where it once took from two to 
four circulations (or cycles) to mix 
a new mud, or to treat an old one, or 
bring up the mud weight, the operation 
can be performed now in only one 
cycle of the mud system. Lost circu- 
lation can be countered by producing 
a high volume of good mud quickly, 
so high-pressure zones can be con- 
trolled by raising mud weight rapidly. 
Since it saves time for the contractor 
it saves him money. Especially is this 
true if operating in an area like Hassi 
Messaoud, the well known producing 
area in the French Sahara, where con- 
ventional mud is changed to saturated 
salt mud weighing 16.7 Ib per gal and 
the wells are sometimes completed with 
an oil base mud. Wells commonly 
require 18,000 sacks of baryte and 500 
tons of salt. 


Mixing Gun Operation 


With high volumes available, mixing 
becomes more rapid. Each one of the 
three 150-bbl tanks has four bottom 
guns located so that each one of the 
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FIG. 3, Dual centrifugal pump unit for supercharging mud pumps 
is separately skid-mounted. Dog house on top of unit is the mud 
testing laboratory. Both centrifugal pumps are driven by one |40-hp 


engine. 


eight jets does the same amount of 
work. The bottom guns eliminate aera- 
ting the mud. Two 1%4-in. nozzles on 
each gun are on a rotary swivel and 
locatéd 12-in. from the bottom of the 
tank. The nozzles are directed slightly 
downward. Rotation is automatic at 60 
rpm. Position of the jets results in the 
formation of a large unbroken eddy 
of mud off the bottom of the tank to 
the mud pit surface where any gas is 
released and no air is entrained. With 
this system, a driller can completely 


homogenize in 3 minutes a 150-bbl 
tank of 16.7 Ib per gal mud that has 
been standing for 72 hours 


Desanding 


The evils of a mud with high sand 
content are well known: increased 
mud weights; increased viscosity and 
increased wear On pump parts and 
manifolding. A French-made desander 
was mounted on the shaker tank hav- 
ing 4 cyclone components. This 
desander handles up to 1000 gpm 
of 13.4 Ib per gal mud. Sand content 
can be reduced from 9% to 0.25% in 
one pass through the desander. 


Operation of Unit 


Arrangement of the manifolding 
provides greater flexibility to drilling 
operations. In the event of failure of 
one centrifugal pump, the other is a 
stand by. If the whole unit fails, the 
two mud pumps are hooked up to 
operate in the conventional manner. 

The mud pumps are manifolded to 
be run in parallel and when necessary 
to run in series. It is everyday practice 
to run the pumps in parallel at 65 
strokes per min with pressures up to 
1000 psi. The 6-in. discharge lines 
facilitate operating the pumps in series 
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By detaching the vibrator hose of 
one pump from the discharge manifold 
and attaching it to a special connection 
on the suction of the other, the pumps 
are easily hooked up in series. In 
Hassi Messaoud, it was found that a 
volume of 370 gpm could be main- 
tained at 2820 psi while running the 
pumps in series. Both pumps were 
driven through torque convertors, and 
both used conventional dampers. This 
is convenient for jet bit drilling and 
when using the turbodrill. Rates of 
penetration have been increased as 
more hydraulic horsepower is available 
at the bit. Such revision of the system 
has not hindered moving operations. 

Moving the rig has been simplified 
There are only eight packages to load 
and unload (Fig. 2): One skid- 
mounted shaker tank (Fig. 4) that 
contains 3 shale shakers, a settling 
tank, a mud hopper and a mud lab; 
two mud pump skids; three mud tank 
skids each having a mud hopper and 
four bottom guns; one unitized pump 
manifolding skid; and one centrifugal 
pump unit. 

All lines are incorporated in each 
package and all are easily hooked up. 
It only takes five days to move a 
15,000-ft rig 25 miles with this mud 
system. 


Development Useful 
On Wildcats 

The group developed a manifold 
system that is better suited to handle 
wildcatting and difficult drilling prob- 
lems than the conventional mud sys- 
tem. By being able to mix mud fast, 
utilize all of pump horse power avail- 
able, and to simplify moving, the 
redesigned system has enabled the 
contractor to do a better job. * * * 


FIG. 4. Unitized shale shaker and settling tank mounts three 
shaker units and one French-made desander (center of tank). Mud 
hopper for mechanical feed is located at near end of tank 


J. E. Gallon T. E. McDowell 
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The 3000-ton CUSS I, Global Marine Exploration Company's con- 
verted Navy barge, was used to drill Mohole test holes near Guada- 
lupe Island. Four huge outboard diesels keep ship spotted over drill 
site. Special mast has guides for traveling block. Automatic horizontal 
pipe racking installation is loaded with 13,000 ft of 4'/2-in. drill pipe. 


While driller operates two pneumatic control levers, drilling crew 
prepares to move links out and away from loaded elevator. Guide 
line pulls links over empty elevator preparatory to pulling up waiting 


double. 


PROJECT MOHOLE: Phase 2 


The second phase of the Mohole project, deep-water 
tests of drilling equipment and techniques, is complete 
Drilling the Mohole itself now lies two years ahead 


THE MUCH-PUBLICIZED PHASE II of Project Mohole 
has already returned the oil industry some important engi- 
neering and operational data on drilling problems encount- 
ered in free drilling in very deep water. These benefits will 
increase as engineering data provided by the different »robes, 
stress gages, and survey instruments are made avaiable. 

The Mohole experiment, which brought together aboard 
Global Marine’s CUSS I leading scientists and on of the 
outstanding offshore drilling groups under the auspices of 
the National Science Foundation and the National Academy 
of Sciences, used conventional offshore rotary drilling tech- 
niques to obtain cores from beneath the Pacific at a water 
depth close to 12,000 ft. The unquestioned success of the 
experiment is a credit to the oil industry in general and to 
the offshore drilling industry in particular 

Five holes were cored in 18 days of operating off Guada- 
lupe Island. They ranged in depth from 118 ft to 605 ft. Sea 
and weather conditions during most of the drilling must be 
termed as poor, with winds that ran as high as 40 miles per 
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hour and waves that frequently topped 13 ft. Despite these 
conditions somewhat worse than had been anticipated 
coring operations progressed continuously with delays caused 
only by extensive wireline surveying and one unsuccessful 
fishing job. 

Hole No. | was drilled when sea and wind conditions were 
at their worst. Global Marine Exploration Company’s CUSS 
[ was satisfactorily held within the 500-ft radius of a spot 
over hole center by four diesel-powered outboard units with 
the aid of three radar and sonar positioning buoys moored in 
a half-mile around the drilling ship. 

High seas, along with over two miles of drill pipe, drill 
collars, and bumper subs, induced constant fluctuation of 
the weight indicator with needle readings ranging from 
200,000 to 250,000 Ib. This made “feeling for bottom” 
a ticklish affair. By playing the averages of hook weight 
readings while watching for telltale increases in mud pres- 
sure and torque, drillers made hole without incident, despite 


absence of a conductor pipe 
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Consensus was that at least the first 300 ft of all five holes 
was snowbank drilling. It was only the necessity to core and 
run a variety of wireline probes that kept the crew from 
punching down to the harder basalt in fairly short order 

Specially made 9-in. diamond core bits were used on all 
holes. Weight of the string was built up by using twelve 
7¥2-in. drill collars, a drill-collar sub, and four 60-in.-stroke 
bumper subs. 

To make an easy transition between the rigid drill collars 
and the more flexible vanadium steel drill pipe, two drill 
collars were machined down to a 60-ft-long taper running 
from 5 in. OD at the top to the full 72 in. at the bottom 

Elaborate provisions had been made for the distribution 
of bending moments on the drill pipe both below the rotary 
table and where it penetrated the ocean floor. A tubular 
guide shoe 35 ft long and tapering in diameter from 58 in. 
at the bottom to 10 in. at the top extended down below the 
CUSS I from beneath the rotary table. It was successful in 
preventing fatigue failure of the drill pipe while the drilling 
ship rolled. A section of casing topped by a steel landing 
base supporting a specially machined joint of casing which 
was to provide flexibility and distribution of bending mo- 
ments at the ocean floor was not used except during prelimi- 
nary tests off San Diego 

Hole No. | was drilled to 110 ft, the center bit removed, 
and a punch core taken from the 110 to 115-ft interval 
Return of this core — the first from so great a depth — was 
an epic moment for all aboard the CUSS I. Subsequent 
efforts to retrieve a core after drilling ahead to the 200-ft 
level resulted in loss of the inner core barrel when the sand 
line broke. 

With essentially the same string make-up, Hole No. 
was started the following day. This was destined to become 
the deepest penetration during this phase of the Mohole 
project. The drilling crew cored to 587 ft with a rotation of 
25 to 30 rpm, holding 4000 to 6000 Ib on the bit and 500 
to 700 psi on the mud pumps. Salt water was used as the 
drilling fluid, although 45-sec, 82-lb mud was spotted inter- 
mittently. 

A core taken at the 587-ft level disclosed dark gray, fine- 
grained basalt. Coring ahead at the rate of 2 ft per hr 
and with pump pressure now up to 800 psi, they pushed 
down to a total depth of 12,301 ft 601 ft below the floor 
of the sea. Using equipment aboard the CUSS I, a crew ran 
a number of probes and surveys: gamma ray, resistivity, 
inclinometer, directionals, and geophone. After taking an- 


Small console in front of driller is the control unit for dual elevator 
equipment, used for the first time in offshore work aboard CUSS | 
during Project Mohole operations. 
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other punch core, pipe was pulled clear of the bottom and 


started in on a new hole 

Hole No. 3 went to a depth of 461 ft below the ocean 
floor. Again, salt water was used as drilling fluid. The spe 
cially made hydraulic core tool was used and was successful 
in retrieving a 1912-ft core from below the 461-ft level. As 
were other cores from this depth it was made up of a soft 
greenish-gray clay 

Hole No. 4 was started after racking the pipe and check 
ing the bit. The same 48,000 Ib of drill collars were used 
and this hole penetrated to 590 ft. 

The extensive survey work done on previous holes was 
supplemented by use of a specially made heat probe run or 
an electric line. Its purpose: to record precisely the heat 
gradient found at different depths. In addition to this 
instrumented sub perfected by Socony Mobil was run below 
the kelly to check the engineers’ computations on drill pipe 
stress 

Hole No. 5 featured use of the coring turbodrill mani 
factured by Etablissement Neypric in France and flown to 
this country for the Mohole project. After a dramatic demon 
stration of the high speed turbo operation the drill was 
operated in the well of the ship below the rotary table 
it was made up into the bottom of the drill string that again 
included 14'%-in. drill collars and five bumper subs 

Very good penetration was obtained until the basalt was 
reached. After that, penetration virtually ceased and, in the 
words of one observer, “We sat there like we were on 
dead bit!” 

With time running out and most of the important equip 
ment tests concluded, no serious attempt was made to find 
out just what could be done with the turbodrill. The ad 
mittedly inconclusive tests turned in a short but beautifully 
cut core showing the clay-basalt transition, but no one 
aboard the CUSS I would venture an opinion on the future 
of the turbodrill on the basis of their very brief experience 
during Phase II of Project Mohole 

The most conclusive reflections on the overall project 
were those that centered around the dynamic positioning 
technique that allows the drilling vessel to be “anchored 
through use of outboard engines. It is fairly safe to say that 
the refinement of this technique coupled with an improve 
ment in the handling of the radar and sonar buoys will be 
part of the ultimate Mohole equipment that will see perhaps 
these same engineers attempting to drill a 15,000-ft hole 
under 18,000 ft of water two or three years hence. * *® *® 


Scientists examine an historic core — the first to come up from 
the 1 1,696-f+ floor off Guadalupe Island. Basalt was hit at about 580 
ft below the sea floor. 
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NEW IDEA IN DRILL PIPE 
FIELD TESTED 


Latest pipe development actually has two wall 
thicknesses, but outside dimensions are API 


THE OUTSIDE APPEARANCE and 
dimensions of Pittsburgh Steel Com- 
pany’s newest development in steel drill 
pipe are no different than API drill 
pipe. But... inside there is a big dif- 
ference. A patented manufacturing 
technique makes it possible to provide 
a pipe incorporating two wall thick- 
nesses in One pipe with a smooth inter- 
nal taper from the heavier to the lighter 
wall. 

The departure from Standard API 
Weights makes it possible to provide 
extra strength in the slip area while 
maintaining the regular API weight for 
the remainder of the joint. Or, if the 
API body strength is sufficient in the 
slip area, it is possible to reduce the 
weight of the lower 85% of the joint 
The principle of this patent design is 
shown in Fig. | 

This new design in drill pipe is re- 
ferred to as Dual Weight. It is made in 
a thin wall or standard wall thickness. 
The thin wall joint combines the fea- 
tures of regular thin-wall pipe for 
lighter weight and improved hydraulics 
with required strength in the slip area 
of regular API pipe. Where standard 
wall thickness is required, the internal 
upset provides additional strength in 
the slip area. 

Table | shows a comparison between 
the new type drill pipe and standard 
API pipe, both Grade E, in a 12,000-ft 
string under drilling conditions with 
mud in the hole. Weight-wise, the new 
pipe is from 11% to 20% less than 
corresponding API sizes and grades, 
and provides from 14% to 30% 
greater depth at the same hook load 
Note that for the popular API 4% in. 
size, with nominal 16.60 Ib per ft, the 
calculated weight per foot for a 30-ft 
length, internal upset with tool joints 
is 17.92 lb per ft. 


New string of double-weight drill pipe being In the new Dual-Weight pipe of the 
run into hole in one of eight field tests. same grade and API outside dimen- 
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FIG. |. Patented design of new drill pipe is an integral 
joint containing two different wall thicknesses. Heavy 
wall section of critical slip area at the box end is at least 


four but not more than six feet long. 


sions with internal upsets, the nominal 
weight per foot of 42 in. 16.60 Ib by 
13.25 Ib is 12.35 Ib per ft. With tool 
joints on a 30-ft joint, the calculated 
weight is 14.49 Ib per ft. On a 12,000-ft 
string of this size drill pipe in mud, with 
25,000 Ib of drill collars, the new pipe 
represents a weight reduction of 17% 
of a regular API string 

Compared to 31% in. 13.30 lb per ft 
API pipe, in a 12,000-ft hole with 25,- 
000 Ib of drill collars, the 3% in, 12.50 
lb by 9.50 Ib per ft Dual-Weight pipe 


offers a 20% reduction in hook load. 


New Size Specifications, Too 


Let’s take a look at what this new 
idea ta drill pipe design does to di- 


set on the new drill 


weight body 


mension specifications. Obviously, with 
wall one joint of 
pipe instead of conventional API pipe, 
there must be another internal dimen- 
sion to consider. 


two thicknesses in 


Typical API dimensions on Grade 
E 412 in. 16.60 lb per ft pipe call for 
a wall thickness of 0.337 in. through 
out the body of the pipe. Nominal out- 
side diameter is 442 in. Internal diam- 
eter is 3.826 in. Upset ends can be in- 
ternal or external. 

New pipe dimensions for the same 
grade and API size are also available 
with conventional internal or external 
upset ends for tool joint connection 
Throughout the 4 to 6 ft heavy wall 


FIG. 2. Relative position of slips when 
pipe 
lation of the heavy wall section and light 


showing re 





section on the box end (critical slip 
area) the ID is smaller than the ID in 
the remaining section of pipe. For ex 
ample, in the 442 in. 16.60 Ib by 13.25 
diameters are 
Body 
wall thicknesses for these correspond 
ing ID’s are: 0.337 in 
Ihe 4 to 6-ft 


has a 0.337-in 


internal 


>) 


and 3.992 in 


Ib pipe, the 
3.826 in section 


and 0.254 in 


section at the box end 


wall and the remaining 


> 


length has a 0.254-in. wall 
Operational Aspects 
What drill 


sign mean to the drilling operation 


does this new pipe de 


Weight, body strength, and hydraulics 


are prime considerations. From thes« 


TABLE 1. Comparison of API Drill Pipe and Comparable Dual-Weight Pipe for a 12,000 Ft. String With 25,000 Lb. Drill Collars. 


(Buoyancy figured at 1/7th; slip length, 16 in.; 


no impact, 


and coefficient of 


friction at 0.2.) 





SAFETY FACTORS AT 12.000 FT 


REGULAR DRILL PIPE 


Cal 
wt./Ft 
Cal With 
Wt./Ft) Tool 
Upset | J ts 
Pipe | 30-Ft |Safety Safety 
30- |Length|Factor| Factor 


Type Ft \& Tooll At In Nor 
Upset |Length! Joints Slips | Bod oD 


Lb Lb 


int 12 46; 14 01 
Ext 12 44) 13 70 


Int 13.08) 15 05 
Ext 13.10) 15 
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DUAL-WEIGHT DRILL PIPE 


Cal 
wt. Ft 
Upset 
Pipe 
Type | 30-Ft 


Upset |Length 


Lb 


9 35 


WEIGHT COMPARI N ADDITIONA 
AT 12,000 FT DEPTH AT 
(HOOK LOAD) 





spring other secondary... but impor- 
tant... aspects. 

A reduction in hook loads means 
depth ratings or capacities of rigs can 
be extended. This increase in depth 
capacity ranges from 14% to 30% 
based on weight calculations and com- 


pared with API pipe 


Less hydraulic loss theoretically is 
assumed with a slightly larger internal 
diameter throughout the body of the 
pipe. However, actual measurements 
of a string equipped with tool joints 
must be made to determine actual fric- 
tion loss reduction. The bore ID of the 
tool joint may be the determining fac- 
tor rather than the ID of the pipe body. 
But any decrease in pressure losses in- 
side the drill pipe can become appre- 
ciable especially at mud pump dis- 
charge rates over 300 gal per min. 

By “beefing-up” the box end of drill 
pipe, it is possible to obtain 15% to 
24% more end strength. This strength- 
ened upper section has greater resist- 
ance to crushing and _ bottle-necking 
caused by slips, effects of notching by 
slip teeth and bending as a result of 
tong pull. 


Eight Strings on Field Tests 


At this writing, there are a total of 
eight strings of various sizes of the new 
drill pipe in various stages of field test- 
ing in different critical drilling areas. 
Ihe first test consisted of six experi- 
mental joints of 442 in. 16.60 by 13.25 
lb pipe (.337 by .250 in. wall) mixed 
in a regular API drill string. No special 
provisions were made to run the pipe 
and normal drilling practices were fol- 
In drilling over 47,000 ft of 
hole, no unfavorable results were 
noted. The box ends, while consider- 
ably marked by slips, showed no crush- 
ing or reduction in diameter 


lowed 


This test was followed by full strings 
of Dual-Weight drill pipe in a variety 
of sizes. Field tests have been con- 
ducted in West Texas, South Louisiana, 
the Mid-Continent, and West Coast. 
Nearly 100,000 ft of hole have been 
drilled by all strings in wells to 15,000 
ft deep. Although reports todate show 
no failures, field tests continue to eval- 
uate in detail all factors, especially 
that of hydraulic improvement. 


Avaiiable Sizes 


[he new pipe is made in Grades | 
and P-95, in Range 2 lengths. Sizes in- 
clude 3’ in. to 44% in. OD with either 
an internal or external upset, and 5 in. 
OD with an internal-external upset 
with various wall combinations, all 
suitable for application of the standard 
sizes of API flash weld tool joints * 
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ARAMCO’S Ist MISCIBLE 


KENNETH G. MILLER, Project Manager 
Arabian American Oil Company, Dhahran 


THE ARABIAN AMERICAN Oil 
Company plans to enter the field of 
miscible phase injection on a 
scale. Construction is well under way 
on facilities to gather approximately 
55,000,000 std cu ft per day of low- 
pressure gases, liquefy them by com- 
pression and cooling, and inject the 
resulting 37,000 bbl per day of raw 
LPG into the Ain Dar Reservoir 
This project will be Aramco’s next 


large 


step in conservation and to improve 
reservoir ultimate recovery. The com- 
pany is presently operating two gas 
injection plants,! each handling about 
200,000,000 std cu ft per day of high- 
pressure gases, plus a water injection 
system which puts 300,000 bbl per day 
into the ground. The new plant will, 





Saudi Arabia 


however, be Aramco’s first venture into 
a miscible phase injection operation 

Aramco’s interest in miscible phase 
injection dates back several years. In 
1957 an experimental program was 
initiated to develop data on the bene- 
fits to be expected by miscible displace- 
ment of Arabian reservoir fluids. This 
laboratory program showed very prom- 
ising results, 

The next step was to determine the 
best location to carry out a full scale 
miscible injection program. The result- 
ing study considered both the eco- 
nomic and reservoir 
injection into various locations, and 
resulted in the decision to critically 
enrich one of the high-pressure gas 
streams from an existing gas injection 
plant in the Ain Dar Field. 


aspects of 
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FIG. |. General scheme of Aramco's giant miscible phase injection project 
at the Ain Dar field showing relation of the field gathering system with 
the LPG compression plant and injection facilities 
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PHASE INJECTION PROJECT A GIANT 


Fig. | illustrates the facilities being 
installed to gather, liquefy, and inject 
the raw LPG. 

Gases to be liquefied will be gath- 
ered from two sources; the final stage 
of separation of five gas-oil separating 
plants (GOSP’s) and the overhead gas 
from the stabilizer plant which is 
located at Abgaiq, Aramco’s crude oil 
processing center. 


14,000-hp Turbine 

The combined GOSP-stabilizer gases 
will be collected and delivered to a 
new compression plant. Fig. 2 is a 
photograph of a scale model of the 
compression plant. Heart of this plant 
will be a single shaft combustion gas 
turbine, rated at 14,000 bhp at 100 F 
ambient. Through suitable gears, the 
turbine will drive three compressors, 
the first two direct-coupled cases con- 
stituting the first stage of compression, 
and the last case the high-pressure 
Stage. 

The turbine, gears, and compressors 
will make up a machinery train 
approximately 100 ft long, all elevated 
15 ft above grade on a steel structure 
All piping is carried downwards to 
facilitate equipment maintenance. 
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FIG. 2. Compression and processing plant (scale mode!) to produce 
37,000 bbl per day of raw liquefied petroleum gases for injection in the 
Ain Dar field of Saudi Arabia. Structure at left houses the combustion gas 
turbine and compressors, control room, switchgear and auxiliaries. At center 
right are process vessels and pumps with inter and after coolers at extreme 


right. 


Inter and aftercooling of the process 
gas, and lubricating and sealing oil 
cooling, will be accomplished with 
ambient air coolers. The plant will, 
therefore, have no process water 
requirement. 


Operating Conditions 

At approximately 500 psig and 
120 F, the 55,000,000 std cu ft per 
day of gas will totally liquefy to about 
37,000 bbl per day of a raw LPG pro- 
duct, the principal constituents being 
ethane, propane and butane. A 1600- 
hp pump discharging at 1700 psig will 
deliver the LPG through a new pipe- 
line to the site of the Ain Dar gas injec- 
tion plant. At Ain Dar, additional 
pumping raises the pressure to about 
2000 psig and delivers the raw LPG 
into the North Ain Dar gas injection 
line. Mixing the LPG with the high- 
pressure Ain Dar gas will result in a 
miscible phase, which will be injected 
into the reservoir through two existing 


wells. 


Safety Part of Design 

The design philosophy for the entire 
plant has been a failsafe operation 
Large single components have been 


used throughout, and the loss of any 
one of these components will result in 
plant shutdown. Therefore, concen 
trated efforts have been made to build 
extreme reliability into the compo 
nents. Spare equipment has been speci 
fied only where it is essential to 
personnel or machinery 
e.g., the compressor seal oil pump will 
be provided with a 100% standby 


protection, 


Construction started in 1960, and 
the plant is scheduled to go on-stream 
in the latter part of 1961 


Reference 
1. Barker, John W Ain Dar Gas Inje 
y t.” The Petroleum Engineer, A 


{ pr. 195! 
sos x*** 
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MODERN <4 


* 
PART 12B 


WELL COMPLETION SERIES 


Oil Well Cementing 
Practices and Materials 


PHIL C. MONTGOMERY and DWIGHT K. SMITH 
Halliburton Company, Duncan, Oklahoma 


TODAY THERE ARE many different 
types of cements and additives used for 
oil well cementing. Due to the variety 
of products used for this application, 
the subject of oil well cements could 
appropriately be considered a chem- 
ical service. 

Today practically all cement used 
by the oil industry is unloaded in bulk 
from cars or barges at bulk stations 
where it may be formulated with addi- 
tives before transportation to the well. 
Modern blending operations offered by 
the service companies make it possible 
to tailor cementing compositions to fit 
most well conditions regardless of vol- 
ume, depth, or temperature of the well. 


Manufactured Cements 

Prior to 1928, the cement industry 
manufactured only one or two types of 
oil well cement. Since the early 1930's, 
technological advancements have led 
to a variety of different types. 

The basic raw materials of portland 
cements are practically the same 
whether they are to be used for con- 
struction work or for oil well cement- 
ing. Portland cement is a properly pro- 
portioned blend of limestone and clay 
or shale and is primarily silica, lime, 
alumina, and iron. These raw materials 
are intimately ground and _ passed 
through a rotary kiln where they are 
calcined into a material called “clink- 
er.” A small quantity of gypsum is 
added to control the setting properties 
of the cement and the final grinding 
process produces the finished portland 
cement product. 

Portland cement contains chemical 
compounds of silicon dioxide, calcium 
oxide, iron oxide, aluminum oxide, 
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magnesium oxide, and sulfur trioxide. 
These combine to form the four major 
crystalline phases in portland cement 
20: 


Tricalcium aluminate — The con- 
stituent which controls the initial set 
and thickening time of cement; the 
lower its concentration the better the 
sulfate-resistant qualities. 


Tricalcium silicate — The compon- 
ent which produces the early strength 
in portland cement which is most 
important for oil well cementing. 


Dicalcium silicate — This phase hy- 
drates very slowly and produces the 
long-term or ultimate strength in port- 
land cement. 


Tetracalcium aluminoferrite — This 
constituent has very little effect on the 
properties of the cement. 


Cements that are used in oil wells 
today are subjected to a wide range of 
temperatures and pressures. It is neces- 
sary that different types of cements be 
manufactured or modified with addi- 
tives to meet these variable conditions. 


The API classification of cements 
and suggested depths and temperatures 
where these different types should be 
used are shown in Table 1.”! 


Cement Properties 

In designing or selecting a cement- 
ing composition for any given depth, 
certain properties of the slurry must be 
considered. 


1. Thickening time—A_ cement 
slurry should be selected to remain 
fluid for a sufficient length of time to 
allow placement in the annular space 
behind the pipe. The slurry should 
have an adequate safety factor in case 
an unavoidable shutdown occurs while 
displacing or mixing the slurry. On 
primary jobs deeper than 6000 ft, most 
operators prefer a composition which 
will give 242 to 3% hours pumping 
time. At temperatures in excess of 
260 F, the cement slurry to be used in 
the well should be tested under simu- 
lated temperature and pressure condi- 
tions. Such test data can be provided 
by the service company at field labora- 
tories and are very reliable as long as 
the actual well temperatures are known. 


TABLE 1. API Cement Classification and Applications. 


Mixing water 
API classification gal /sk 
A (Portland 5.2 
(Portland 
* (High Early 
(Retarded 
(Retarded 
(Retarded 
tetarded) 


Slurry weight 
lb /gal f 


16 
16 
16 
16 


Static* 
temperature F 
80-170 
80-170 
80-170 
170-205 
170-260 
170-290 
230-320 


Well depth 
ft 


- 6,000 

0O- 6,000 

F 0- 6,000 
6,000— 9,000 
6,000-12,000 
6,000-14,000 
10,000-16,000 


*These depths and temperature conditions are based on casing-cementing conditions 
as taken from API RP 10B and should be considered as approximate values. 
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2. Strength— A cement slurry, 
after having been properly placed in 
the well, must set and develop suffi- 
cient strength to allow continuation of 
normal drilling operations in a reason- 
able waiting-on-cement (WOC) period. 
The strength required of cement before 
drilling operations are resumed will 
vary with companies and operators, 
but a value of 500 psi compressive 
strength is generally considered ade- 
quate by the industry. 

Farris*? found that a minimum 
strength required to support pipe on a 
primary casing cement job was 8 psi 
tensile strength or approximately 100 
psi compressive strength. More recent 
work by Bearden and Lane** suggests 
that, under ideal conditions, a 4-psi 
tensile strength is sufficient; therefore, 
the value of 500 psi has a considerable 
factor of safety based on these investi- 
gations. 

There are other basic factors to be 
considered such as water requirements, 
weight, sulfate resistance, etc., in de- 
signing a Composition for a given well. 


Cement Additives 

Today a large volume of the cements 
used in wells contains some type of 
additives used to modify or improve 
the properties of the basic cement it- 
self. These admixes are utilized in 
many types of cements regardless of 
their API classification. The wide 
utilization of admixes in oil well ce- 
ments has developed into what could 
be regarded as a chemical service and 
only since the inauguration of bulk 
cement blending equipment has it 
been possible to achieve such a wide 
choice of compositions for any well 
depth. These cement blends are deliv- 
ered to the well site in specially de- 
signed bulk carriers where cementing 
units complete the job of mixing and 
pumping cement into the well. 

Table 2 is a general classification of 
the most common admixtures used in 
cement, together with the purpose for 
which they are designed. 


Cement Accelerators 

Accelerators are commonly used to 
increase the early strength of cement 
and to reduce the WOC time. This is 
particularly important for surface pipe 
when it is economically desirable to 
resume drilling operations as soon as 
possible after cementing. It has been 
common practice for years to use cal- 
cium chloride for this purpose as it is 
one of the most effective accelerators 
known for cementing slurries. 

A new material available under the 
trade name of HA-5 exhibits improved 
accelerating properties on the early 
strengths of many cementing compo- 
sitions when used in concentrations of 
3%. The WOC time can be reduced to 
4 hours on surface pipe where temper- 
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atures are in the proximity of 80 F, 
resulting in a compressive strength of 
approximately 500 psi. 

Generally, with most cements, addi- 
tion of 2% calcium chloride will ap- 
proximately double the compressive 
strength in 24 hours at temperatures 
less than 120 F. Addition of more than 
2% will seldom achieve any beneficial 
results and over 4% will generally 
cause a reduction in early strength. 

Sodium chloride, when used in quan- 
tities of 2% to 5% by weight of ce- 
ment, will also cause an acceleration of 
most cementing compositions. Sodium 
chloride, however, is not as effective 
as caicium chloride and should be used 
only when other accelerators are not 
available. Salt water in concentrations 
of 40,000 to 60,000 ppm (4 to 6%) 
has the same accelerating effect. Water 
from the Gulf of Mexico or Pacific 
Ocean normally has a concentration of 
from 1.5 to 3% sodium chloride. Salt- 
saturated slurry is an effective cement 
retarder and weighting agent, and im- 
proves bonding to salt formations. 


Light Weight Additives 

Bentonite. The principal additive 
for producing light weight cementing 
slurries is bentonite, a colloidal type 
clay which absorbs large quantities of 
water. 

Amount of bentonite used in cement 
varies from 1% to 25% with 4% 
being the most common ratio used in 


the field. As a rule of thumb, 1.3 gal 
of water is required for each 2% used 
in any cementing composition. Addi- 
tion of large amounts of water to a 
cementing slurry is responsible for re- 
ducing the slurry weight, whereas the 
bentonite itself reduces the water sep- 
aration from the slurry. 

High percentages of bentonite in 
cement cause a reduction of pumping 
time and compressive strength with 
both common portland and retarded 
cements. Gel cements also are less re- 
sistant to attack from sulfate waters 
and increase the permeability of the 
set cement.** Studies on the effect of 
high temperatures and pressures on 
the compressive strength of bentonite 
cement indicate loss in strength and 
increased permeabilities at tempera- 
tures above 230 F.** 


High gel or modified cements. The 
term “modified cement” applies to slur- 
ries containing API Class A cement, 5 
to 25% bentonite, and 0.5 to 1.5% cal- 
cium lignosulfonate.*® These composi 
tions are similar to regular gel cements, 
but have the advantage of retardation 
and dispersing action due to the cal- 
cium lignosulfonates. The slurry (gen- 
erally with 12 to 25% bentonite), 
when mixed at high shear rate, main- 
tains relatively low fluid loss and is 
used by some companies for perma 
nent type well completions 


High gel salt compositions utilize 16 


TABLE 2. Cement Additives. 


Cement Accelerators 

Purpose: Reduce waiting on cement 
Increase early strength 

1. Calcium chloride 

2. Sodium chloride 

3. Sodium silicate 

4. HA-5 

5. 


Gypsum cement 


Cement Retarders 
Purpose: Increase thickening time 
Retard setting 

1. Calcium lignosulfonates 

2. Modified lignins 

3. CMHEC (carboxymethyl- 
hydroxethy] cellulose) 

4. Saturated salt water 


Lightweight Additives 
Reduce slurry we 
Increase yield 
Lower costs 

1. Bentonite 

2. Pozzolans 
3 
1 


Purpose ° 


. Gilsonite 
Expanded perlite 
5. Diatomaceous earth 
6. Hydrocarbons (emulsions) 


Special Cements 

1. Gypsum cement 

2. Resin cement 

3. Diesel oil cement 

4. Pozzolan-lime cements 
(for high temperatures) 


Heavyweight Additives 

Purpose: Increase density 
Restrain pressure 

1. Ilmenite 

2. Barite 

3. Sand (40-60 mesh) 

4. Saturated sa'lt water 


Low Water Additives 

Purpose: Protect sensitive formations 
Prevent premature 
dehydration 
Better squeeze jobs 

1. CMHEC (carboxymethy!l- 
hydroxethyl cellulose) 

2. Latex 

3. Acrylic type copolymers 

4. Organic polymer blends 


Lost Circulation Additives 
Purpose: Restore circulation 
Increased fill-up in column 
Reduce costs 
. Gilsonite 
2. Granulated nut hulls 
3. Cellophane flakes 
Expanded perlites 
Shredded fibres 
6. Bentonite 
7. Bentonite diesel oil 


Special Additives 

1. Radioactive tracers 

2. Activated charcoal 

3. Paraformaldehyde 
chromate 

1. Silica flour 


sodium 





to 20% gel in portland cement with 
small quantities of salt added as a dis- 
persant and accelerator.** Calcium 
lignosulfonates are used as retarders 
depending on well temperatures. The 
slurry requires less mixing water than 
regular 16 to 20% gel cement and its 
unusually high strength makes it ideal 
for a filler-type cement. 


Pozzolans. In recent years, blends of 
pozzolans with portland cement have 
been used in oil well cementing to 
create a lighter slurry, improve the 
pumpability of the cement, obtain 
better perforating qualities, reduce ce- 
menting costs, and increase the resist- 
ance of the cement to attack by sulfate 
or brine waters. 

Generally pozzolans are mixed in 
equal portions (by absolute volume) 
with portland cement for use in oil 
well cementing. For a specific well con- 
dition these percentages may vary. 
Portland-pozzolan cements can be ac- 
celerated in the same manner as port- 
land cement to reduce the WOC time 
or they may be retarded for use in 
deeper wells with various chemical 
retarders. 

The early strength of these materials 
is less than that of portland cement 
under identical conditions, but strength 
development continues over a longer 
period of time, until the ultimate 
strength of the pozzolanic cement ap- 


proaches or exceeds that of portland 


cement.** 

For extremely high temperatures a 
mixture of pozzolan and lime has been 
utilized for oil well cementing.** This 
composition does not contain portland 
cement and is recommended for wells 
having bottom-hole temperatures from 
140 F to 400 F. It is light weight ce- 
ment and may be retarded to meet the 
most severe temperatures and has the 
added advantage of not retrogressing 
in strength at these high temperatures. 


Gilsonite Cement 

Gilsonite is a light weight, bridging 
material mined from the Uinta Moun- 
tains of Utah, and is unlike any other 
known product although it resembles 
asphalt in color. In a cement composi- 
tion it provides low density and its 
graded particle size has excellent lost 
circulation control characteristics. 

Gilsonite selected for use with ce- 
menting slurries must have proper par- 
ticle size distribution to provide maxi- 
mum control of lost circulation, yet be 
of such a size as to minimize down 
hole trouble due to bridging of the 
ports in cementing tools. Experience 
indicates that 12 to 25 Ib of gilsonite 
is advantageous in any type of well 
where lost circulation is a problem. 

The lightweight slurry obtained is 
due to the low specific gravity (1.07) 
of the gilsonite rather than to the addi- 


TABLE 3. Gilsonite Required to Reduce 
Slurry Weight. 
Portland Portland Pozzolan 
Gilsonite cement 1% Gel cement 
lb/sack lb /gal lb/gal lb/gal 
0 15.6 14.2 


25 13.6 12.5 
12.5 l 11.7 


11.3 10.8 


tion of large volumes of water as in 
gel cements. Addition of a low specific 
gravity solid such as gilsonite to a 
cementing composition, as a replace- 
ment for water, produces higher com- 
pressive strengths at all ages at the 
same slurry weight. Unlike perlite, gil- 
sonite is non-cellular in structure and 
when subjected to pressure it does not 
absorb water from the cement slurry. 
Table 3 illustrates the quantities to 
produce various slurry weights in port- 
land cement with and without gel or 
pozzolan cements. 


Expanded Perlites 

Perlite is a volcanic composition 
which after being mined, screened, and 
heated under pressure forms a cellular 
product of low density. Its primary 
purposes in oil well cementing is to 
provide bridging for lost circulation 
zones and to reduce weight of cement 
slurry. It may be used with common 
portland or retarded type cements and 
generally contains small amounts of 








ADDITIVE SPECIFIC GRAVITY 
Ottawa Sand 2.65 
Barite 4.23 
Ilimenite 4.67 
Galena 6.77 
ron Arsenate 6.98 



































WEIGHTING 
MATERIAL 
Lbs. /Sack 




























































































T Lb /Gel (9 Lb/Gal = 20 Lb/Gol. 22 Lb/Gel 


SLURRY WEIGHT 











FIG. | Heavy weight cements require special compositions using heavy 
additives. This chart shows amounts of additives which must be added to an API 
Class E slurry weighing 16.25 lb per gal to give various heavy weight cements. 
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bentonite (approximately 4% ) to help 
prevent flotation or settling of perlite 
particles. 


Diatomaceous Earth 

The diatomaceous earths are a type 
of naturally occurring materials having 
extremely high surface area and con- 
sequently require large volumes of 
water for mixing to a pumpable viscos- 
ity. They are composed of the silicious 
skeletons of diatoms deposited from 
either fresh or sea water and in many 
cases the deposits are mixed with sand 
or clay. In the natural condition many 
diatomaceous earths have very little 
value as pozzolans; for, although they 
combine very actively with lime, the 
compounds resulting from this reaction 
have a very low strength because of 
the large quantity of mixing water re- 
quired to produce a pumpable slurry. 

Diatomaceous earths are known by 
many different trade names and de- 
scriptions. The most commonly used 
diatomaceous earth®® has a_ specific 
gravity of 2.09 and is used in cement 
in percentages of 10, 20, 30, or 40. 
Exceptionally high water requirements 
of this additive are responsible for pro- 
ducing light weight cement slurries 

Diatomaceous earth cement systems 
may also be blended with CMHEC to 
provide cementing slurries with low 
fluid loss properties, thus reducing 
damage to oil bearing formations from 
filtration water. CMHEC, as previously 
cited, is a very good chemical retarder 


Heavy Weight Additives 


Additives to increase the density of 


cement slurries are essential in areas 
where abnormally high pressures are 
encountered. There are many materials 
available for this purpose; however, 
use of some of them is limited due to 
the bottom-hole temperature of the 
well and the effect of the additive on 
the cement. Fig. | illustrates the quan- 
tities of various additives required for 
heavy weight cements 


Imenite. Iimenite is a relatively new 
weighting material for all types of ce- 
menting compositions. It offers con- 
siderable improvement over other types 
of weighting materials because it is 
inert and has a negligible effect on the 
thickening time of cementing compo- 
sitions. Ilmenite has a uniform par- 
ticle size distribution, its specific grav- 
ity is greater than that of barite and 
the water requirements are exception- 
ally low. This latter property accounts 
for the small quantities required for 
weighting cement slurries and the in- 
creased solids-water ratio gives in- 
creased compressive strength. Slurry 
weights to 20 Ib per gal are easily ob- 
tainable with ilmenite 


Barite. Barite or barium sulfate 
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FIG. 2. Water-loss properties of a cement slurry 
should be controlled to produce a moderately thin filter 
cake rather than complete dehydration as illustrated here 


weighting material is in use through- 
out the oil industry as an additive for 
drilling fluids and is sometimes used in 
cements. Using barite, slurry weights 
of approximately 18 lb per gal are ob- 
tainable. Barite is one of the most 
economical weighting materials avail- 
able, but has some disadvantages. It 
has a definite effect on the physical 
properties of the cement slurry, caus- 
ing an acceleration of the thickening 
time of some retarded type cements at 
extreme temperatures due to a dilution 
of the chemical retarder. Barite for 
drilling mud is ground very fine and 
requires considerable water for wetting 
In cements, this affects the compressive 
strength because of dilution with added 
mixing water. 


Sand. Graded sand (40-60 grada- 
tion) is Occasionally used as a weight 
ing material for cementing slurries due 
to its spherical uniform particle size 
Weight of a cement slurry may be in- 
creased approximately 2 Ib per gal by 
addition of a sufficient amount of sand 

Sand has low specific gravity (2.6) 
yet requires no additional mixing 
water, which results in increased slurry 


weight 


Lost Circulation Additives 
The problem of lost returns is com 


monly encountered in the drilling of 
oil wells. The most accepted method 
of attempting to restore circulation is 
by the addition of sealing agents to 
the mud system. Under certain cir 
cumstances this is not feasible and the 
lost circulation additives are added to 
the cement 

The sealing agents used to reduce 
lost circulation are generally classified 


as follows 


1. Fibrous materials. In this cate 
gory we find shredded wood, bark 
sawdust, etc. Some fibrous materials 
that are commonly used in drilling 
muds cannot be used in cement be 
cause they contain soluble materials 
(tannins) which cause a retardation in 
the setting of the cement and in high 
concentrations fail to set 


2. Granular materials. Granular ma 
terials such as gilsonite, nut shells 
plastics, perlites, etc., are added to 
cement as a bridging material to help 
prevent lost returns 


3. Laminated materials. This in 
cludes materials such as mica, cello 
phane flakes, and related products 


In addition to these additives, ther 
are special squeeze materials available 


for combating lost circulation. On 
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such composition is-a mixture of ben- 
tonite suspended in diesel oil. Applica- 
tion of this slurry in sealing off lost 
circulation depends upon water or a 
water-base mud contacting the ben- 
tonite-diesel oil slurry and hydrating 
the bentonite. This results in the forma- 
tion of a very thick paste-like material. 

Selection of proper lost circulation 
additive depends on down-the-hole lo- 
cation of the permeable zone as well 
as type of formation taking the fluid, 
such as cavernous, large pore openings, 
or fractured or fissured formations. 


Low Water-Loss Additives 

Application of low water-loss slur- 
ries in cements is quite similar to that 
for drilling muds or fracturing fluids. 
Their applications are multiple: 


For squeeze cementing: 

1. Reduces premature dehydration 

in tubing and casing while squeezing 
” “perforations. 


2. High pressure squeezing by hesi- 
tation technique with filter cake 
buildup in perforations. 


3. Reduces the amount of filtrate, 


which can penetrate formationsscen- 
taining bentonite clays. 


For casing cementing: 

1. Lessens the possibilities of water 
and/or emulsion blocks, and blocks 
caused by bentonite clay swelling 
due to filtrate from cement. 

2. Helps water-sensitive 


shales. 


protect 


3. Reduces premature bridging in 
annuli which may be caused by ce- 
hydration. 


4. Reduces loss of water from 
slurry, thus maintaining low viscosi- 
ties and circulating pressures. 


Use of low water-loss materials in 
squeeze cementing is becoming very 
popular since they reduce the possibil- 
ity of resqueezing across perforations 
that are plugged with mud and fail to 
take cement on the initial treatment. 
This frequently happens if mud is in 
the hole at the time of perforating or 
is used to break down the formation 
prior to squeezing. Other techniques 
such as non-plugging, perforating 
fluids and the utilization of salt water 
to break down the formation will mini- 
mize plugging with mud solids. This 
type of slurry is very effective in ce- 
menting formations containing shales 
or bentonitic sands that are sensitive to 
fresh water. 

Fluid loss values for cement are 
commonly determined on a 325 mesh 
screen under pressures from 100 to 
1000 psi. In a well, it is desirable to 
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have controlled water loss properties 
to produce a moderately thin filter 
cake rather than complete dehydration 
as shown in Fig. 2. 


Organic Polymers 

Most recent developments in fluid 
loss agents for cement are high molec- 
ular weight polymers that act as effec- 
tive bridging agents between the 
cement particles. and reduce the loss 
of fluid from the’slurry under differen- 
tial pressures. These materials are 
effective at about 1% concentrations 
in all types of cements and are com- 
patible with most additives. 

They produce a hard filter cake 
from a cement slurry and can be ac- 
celerated or retarded to fit the desired 
well condition. They are very heat 
stable for deeper wells and can be used 
with any type of mixing water includ- 
ing saturated salt brine. 


Latex Cement 

One of the principal advantages of 
using a synthetic latex emulsion with a 
cement slurry is its low fluid loss. Latex 
cement slurries also have greater resili- 
ency, good bonding qualities and high 
resistance to drilling fluids, acid and 
corrosive well fluids. Thickening time 
of latex cement slurries in portland 
cement may be retarded or accelerated 
without altering fluid loss properties. 
It has good perforating properties and 
tests indicate much greater penetration 
in latex cement as compared with port- 
land cement under identical curing 
conditions. 


CMHEC 

CMHEC (carboxymethyl hydroxy- 
ethel cellulose)*° is a low water-loss 
additive and chemical retarder for 
many different types of cementing 
compositions. For temperature condi- 
tions from 80 to 170 F, CMHEC is 
generally used with a sodium silicate 
accelerator to counteract the retarding 
effect at these lower temperatures. For 
higher temperatures in portland and 
retarded type cements, this retarding 
property is an advantage. 


Retarders and Dispersants 

Some of the more effective cement 
retarders and dispersants in use today 
are derivatives of lignin compounds 
and are generally referred to as cal- 
cium lignosulfonates. These are used 
to retard common portland cement 
(API Class A or B) where well condi- 
tions are beyond the range normally 
recommended for this type of cement. 
In many instances they can be modi- 
fied for use with all retarded cements 
(API Class D, E or F) to give an ex- 
tension of the thickening time for use 
in extremely hot wells. 


TABLE 4. Typical Quantities of Retarder 
to Use in Portland API Class A or B 
Cements to Give Approximately 
3 Hours Thickening Time 
(Calcium Lignosulfonates). 


Well Well 
Percent depth temperature 
retarder / sack ft* F static 
0.0 0- 6,000 80-170 
03 6,000-10,000 170-230 
0.5 10,000-14,000 230-290 


API Casing Conditions; for depths be- 
yond 12,000 ft, special tests should be 
made on batch of cement to be used on 
the well. 


Amount of retarder depends on the 
bottom hole temperature of the well 
and can be added either to the cement 
in a dry form or to the mixing water. 
Calcium lignosulfonates are also used 
with high percentages of bentonite 
cement to achieve a lower viscosity 
slurry which is easier to pump and 
handle while mixing. 


Lignins. Table 4 can be used as a 
guide to determine how much lignin 
material of one particular type is nec- 
essary to give satisfactory pumping 
time for well conditions beyond the 
range of portland cements. 


CMHEC is a very effective cement 
retarder and requires approximately 
the same quantities at various depths 
in portland or retarded cements as do 
the lignin materials. This retarder also 
produces low water loss in a cement 
slurry and more detailed discussions 
may be found under this particular 
section of additives. 


Salt water (saturated). While salt in 
low concentrations is an effective ac- 
celerator, it is also a very satisfactory 
retarder when used in saturated quan- 
tities. Salt cement slurries have their 
greatest application when cementing 
through salt formations or squeezing 
shale zones that are sensitive to fresh 
water. 

Approximately 3.1 Ib of dry salt 
added to the cement for each gallon 
of mixing water will provide a satu- 
rated slurry and will retard portland or 
pozzolan cements for use to 12,000 ft 
API casing conditions. If additional 
retarder is necessary, it can be used in 
saturated salt brine slurries to provide 
more pumpability. In deep wells where 
heavy weight slurries are desired, the 
use of saturated salt water will increase 
the density about 1 Ib per gal and 
reduce the amounts of weight material 
to be used. 


Special Cements 

Resin cement. Resin cement is a mix- 
ture of water, liquid resin and common 
portland, high early, or retarded type 
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cement. It is recommended for (1) 
open hole bottom plugs, (2) squeezing 
through perforations, and (3) cement- 
ing casing. It is an effective squeeze 
material for controlling oil, water, or 
gas-bearing formations where regular 
products have failed to produce the 
desired results. : 

The set material is not affected by 
the action of oil, mud, corrosive 
waters, or gases found in oil wells, nor 
do acids normally used in acidizing 
services affect its permanency. After 
both the resin phase and the cement 
have set, the cement plugs may be 
drilled out, leaving the set resin to re- 
strict the flow of well fluids. 


Gypsum cement. Gypsum cement is 
a controlled setting gypsum cement 
which, when mixed with water, will 
take an initial set in 50 to 60 min at 
temperatures up to 140 F. This product 
is also available with a setting time of 
30 to 120 minutes. Gypsum cement 
has an initial strength of approximately 
2500 psi one hour after setting. 

Gypsum cement has been used ex- 
tensively as a lost circulation material. 
It may be blended with 50% portland 
cement to shorten the set time and give 
a flash set in less than 20 min. 

Gypsum cement with resin is a spe- 
cial waterproof plastic cement com- 
posed of a gypsum cement and a 
powdered, water-soluble resin. It is 
especially adaptable for dump bailer 
service Or pumping under certain con- 
ditions. Setting time can be controlled 
within very close limits over a tempera- 
ture range of 60 F to 230 F. It has a 
linear expansion of 0.3% at the time it 
takes its initial set. Within 15 min after 
taking its initial set, the cement has a 
compressive strength of 1500 psi and, 
depending upon the bottom hole tem- 
perature, obtains a maximum strength 
of 4000 psi in from 3 to 20 hours. 

Application of 50 to 60 psi differen- 
tial pressure forces the fluid (resin) 
phase into a permeable formation 
where it sets to a hard mass. This fea- 
ture together with its expansion while 
setting make the special cement an ex- 
cellent material to help plug off bottom 
hole water in a producing oil well. 
The product differs from resin cement 
in that it has a short setting time and 
dumping successive batches may be 
accomplished without unnecessary 
delay. 


Diesel oil cement. Diese! oil cement is 
a slurry designed for squeezing off un- 
wanted formation waters and is a mix- 
ture of portland cement, diesel oil and 
surfactant, the latter serving to increase 
the cement-diesel oil ratio whereby a 
slurry weight of approximately 16.0 Ib 
per gal is attainable. 

This slurry will not set until it comes 
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in contact with water, resulting in an 
unlimited thickening time. The slurry 
forms a thick paste immediately upon 
contacting water and produces a high 
density, high compressive-strength 
cement. 


Special Additives 

Silica flour. At temperatures above 
230 F all types of portland cements 
lose their strength and increase in per- 
meability as a result of a chemical 
reaction commonly referred to as 
strength retrogression.*® To prevent 
this, finely ground silica flour (minus 
200 mesh) is added in quantities of 20 
to 40% by weight of the cement. This 
may be used in all types of heavy or 
light weight compositions at these 
higher temperatures to stabilize the 
cement against retrogression. Ex- 
tremely high strength properties may 
be achieved as a result of using this 
additive. 


Sodium chromate-paraformaldehyde 
blend*' is an additive for portland or 
pozzolanic cement used to reduce the 
effects of contamination of cement 
slurries by the organic chemicals com- 
monly used in drilling muds. It neu- 
tralizes the cement-retarding properties 
of quebracho and other tannins, starch, 
sodium carboxymethyl cellulose, lig- 
nite, and the monovalent salts of ligno- 
sulfonic acid. It should not be used 
with commercial retarded cements be- 
cause it neutralizes some of the re- 
tarders. It may, however, be used with 
portland cement retarded with calcium 
lignosulfonate since it does not appre- 
ciably affect this divalent salt of ligno- 
sulfonic acid. 

Recommended amount of this com- 
pound to use under normal conditions 
is 1 Ib per sack of portland API Class 
A cement or pozzolanic cements. Its 
primary application is for open-hole 
plug-back or liner jobs where there is 
a possibility of chemically treated 
drilling muds retarding setting proper- 
ties of the cement. It also has an appli- 
cation for use in squeeze cementing 
operations or as an additive to the ce- 
menting composition for “tailing-out” 
on a primary casing-cementing job to 
eliminate the possibility of soft cement 
around the shoe. 
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NEW TURBODRILL 


SIMPLIFIES DIRECTIONAL DRILLING 


Russians modify turbodrill design, use tool to drill all directional holes in USSR 


SEID RAZI GHAVAMI, Drilling Engineer, National Iranian Oil Company 


FEW TOOLS INTRODUCED to the drilling industry have 
held as much promise or demanded as much attention as the 
turbodrill. However, this tool has not yet been developed to 
the point where it is commercially competitive with conven- 
tional rotary drilling in the VU. S. 

The most impressive results with the turbodrill have come 
from Russia where the tool is used in the majority of wells 
drilled and is used in all directional wells. However, Russian 
experience has pointed up several disadvantages in the 
design of the turbodrill: 

1. While pumping, mud circulates through the turbodrill 
stages (rotor and stator) and mud particles and cuttings 
erode the different parts of the tool. Turbodrilling technol- 
ogy does not require continuous operation of the turbodrill, 
however. There are some operations, such as conditioning 
the mud, which do not require rotation of the bit with the 
turbodrill. 

2. In turbodrilling, after the kelly has been drilled to 
bottom, the string is lifted about the length of the kelly, 
and the bit is reamed back to bottom. During this operation, 
circulation is maintained to clear the hole, but resisting 
torque at the bit is essentially zero. This permits the turbo- 
drill to race at high rpm and results in erosion of turbo parts 
and bit nozzles. 


3. In drilling, especially in directional drilling in deep 
wells (12,000 to 15,000 ft), the drill string lies on one side 
of the bore hole with friction forces between the wall and 
the string which reduce the calculated weight on the bit. For 
this reason, it is difficult to calculate and apply optimum 
weight on the bit. 

4. When drilling is stopped, the pumps must be in opera- 
tion for continued mud circulation, causing unnecessary 
pressure and consuming additional energy. 

To overcome these disadvantages, a new turbodrill design 
has recently been developed in the USSR. With this new 
type, the driller can start and stop the rotation of the bit as 
desired. 


New Turbodrill Construction 

The turbodrill has a hollow shaft, as in coring turbodrills. 
The upper part of the new design is shown in Fig. 1. Other 
parts of the design are the same as in the old type. 

The turbodrill is connected to drill pipe by a special four- 
cornered sub (1). This sub is threaded to pipe (4) which 
leads to a choke (7) and the mud circulation ports. The 
choke is connected through rod (9) to the plate valve (11). 
The valve seat (12) lies on the turbodrill rotary nut, so the 
system can rotate while the seat is stationary. 
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FIG. 1. New turbodrill design features a 
bypass valve which lets mud circulate around 
the tool without driving the turbine when 
the bit is off bottom. 
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FIG. 2. Directional drilling with the turbo- 
drill is accomplished by attaching the tool to 
bent pipe or bent sub, locking the rotary 
table, and drilling ahead in deviated hole. 


FIG. 3. Bent pipe controls drift angle, de- 
pending upon angle of bend in the pipe 
Direction of the deviated hole is determined 
with simple survey instrument (Fig. 4) from 
direction of two toothed bars in top of bent 
pipe [inset). 
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give longer pumping service 
with less downtime 


ow Often have you seen the potential 

earning power of tubingless or 
casingless completions eaten up by the all-too-short 
service life of the hollow sucker rods which this type 
of well completion frequently demands? 

Hydril has the safe answer to this pressing 
problem—‘“CS” Tubing Joints for macaroni tubing. 
These superior Hydril joints, with their strong, time- 
proven two-step thread and the superior Hydril three- 
point seal, have been put to work as hollow sucker 
rods...with amazing results: 


* At last report, more than 4'2 million 
stroke cycles during one year’s service in 


one midcontinent well! 


How do your hollow sucker rods compare in 
this endurance marathon? To learn more about what 
Hydril “CS” Tubing Joints can do for you, call your 
Hydril representative...or write 


HYDRIL COMPANY 


714 West Olympic Boulevard, Los Angeles 15, California 
Factories at: Los Angeles; Houston, Texas; Rochester, Pa 


Sales Offices: California: Bakersfield, Los Angeles, Ven- 
tura. Louisiana: Harvey, Lafayette, New Iberia, Shreveport 
Oklahoma: Oklahoma City, Tulsa. Pennsylvania: Rochester. 
Texas: Corpus Christi, Dallas, Houston, Midland, Odessa. 
New York: New York. Canada: Calgary, Edmonton 





oo 


DRILL PIPE...CASING...OR TUBING...YOUR BEST CONNECTION I$ HYDRIL! 
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FIG. 4. Survey tool consists of glass cylinder containing hydrofluoric 
acid which etches the glass and permits calculation of drift angle. 
Direction of hole is determined from marks made by toothed bars 
(Fig. 3) on soft lead bottom of container. Instrument is run on wire 
line. 


When the turbodrill is off bottom, plate valve (11) moves 
to its upper position as shown in Fig. 1. Mud circulates 
through the four-cornered sub (1) and through the pipe (4) 
and exits through the choke (7), circulating between the 
annulus of connection (6) and nut (8), bypassing the 
valve, and going to the channel of the hollow shaft of the 
turbodrill. If the tool is off bottom, mud will not circulate 
through the rotors and stators of the turbodrill. Thus, the 
new design prevents wearing of turbo parts while in this 
free position. 

In lowering the bit to bottom, drill pipe weight seats the 
vaive and closes the channel of the shaft. Mud circulates 
through the rotors and stators and the turbodrill begins to 
drill. When the channel of the shaft is closed, weight on the 
bit passes to the body of the turbodrill through ring (2) and 
the plate of valve (11) is compressed under the hydraulic 
pressure. 

Before closing the valve (11) and increasing pump pres- 
sure, loss of weight shown on the weight indicator is the 
result of friction forces between the bore hole and drill string. 
But the reading of the weight indicator when the valve has 
closed and pressure increased is the true weight of the drill 
string. Therefore, weight on the bit is known. 

This new turbodrill has reduced the cost of oil well drill- 
ing in the USSR. The longer intervals between service and 
repair of the tool and increased bit life are the most impor- 
tant factors. In the new turbodrill, power consumption has 
been lowered and pump performance is improved. 

The improved turbodrill is manufactured by Kishly 
machinery factory in Soviet Azerbaijan in mass production. 

Many deep wells have been successfully drilled with the 
new tool in the Caspian Sea in Soviet Azerbaijan. Technical 
publications of the Soviet Union show that in the Zirya oil 
field, a well has been drilled to total depth of 15,800 ft with 
the turbodrill. 


DIRECTIONAL DRILLING 
On the island of Peschanni in the Caspian Sea, directional 
wells have been drilled with the turbodrill to a depth of 
11,485 to 13,130 ft with a deviation of 1640 to 1970 ft. In 
the USSR, all directional wells are drilled with the turbo- 
drill. Use of the new design is expected to solve many of 
the problems presently existing in directional dril'iny 
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FIG. 5. Bent sub is stronger than bent pipe for directing deviated 
hole and is used for starting drift angles greater than about 3 degrees. 
FIG. 6. Typical hole direction procedure is shown in this plot of 
the various steps involved in changing hole direction from 30 deg 
to 60 deg with turbodrill originally directed to 110 deg. 


Advantages 

Theory and experience in directional drilling with the 
turbodrill have shown that this method has achieved many 
important accomplishments: 

1. In directional turbodrilling, there is no need for the 
rathole or for reaming operations. Bit is removed only when 
it becomes worn, or in any other necessary operations such 
as measuring hole deviation. 

2. Operation for orienting the hole takes less than one 
hour. Drilling factors such as weight on the bit, mud volume, 
and bit rotation are equal to those in vertical drilling. 
Because of these reasons, penetration rate in directional 
turbodrilling is equal to that in vertical drilling. 

3. In turbodrilling, the danger of drill pipe failure due to 
rotation forces is greatly reduced. 

4. Going in the hole with deflecting tool takes the same 
time as going in without it. 

5. Deflecting tools (bent pipe or bent sub) give positive 
control of the drift and direction and result in having the 
profile of the well on a vertical plane, with the desired 
inclination. 

6. In directional turbodrilling the deflecting tools are 
tightly connected to the drill string and the bit can not 
change orientation. 

7. In directional or vertical turbodrilling, the maximum 
torque is equal to the stalling turbodrill torque and friction 
torque on the bore-hole wall. These torques are even less 
than in vertical rotary drilling. 


Orientation Methods 

The vast experience of the USSR in directional drilling 
with the turbodrill has led to orientation methods which take 
advantage of the tool’s characteristics and operating 
procedures. 

After drilling to the kick-off point, it is necessary to meas- 
ure the drift angle and direction of the drilled section. If the 
drift angle at the kick-off point is not more than one degree, 
the following orientation methods can be used: 

1. Stokenbury drill pipe alignment method. 

2. Use of deflecting tool (bent pipe or bent sub) with a 
marking method. (Chalk marks are usually put at both ends 
of the drill stands.) 

3. Run the turbodrill with bent or bent sub, drill any 
footage, pull out the bit, and measure the drift angle and 
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TELL THIS PETROLEUM INDUSTRY FACT TO YOUR NEIGHBOR 
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From the protective goose grease on the Minute Man’s musket to modern fuels for 
jet interceptor planes of the Strategic Air Command (SAC), America’s defense and 
industrial might have depended on oil. No other purely civilian industry has been as 
defense-conscious as the essential petroleum industry. 


In every branch of the oil and gas industry: exploration, production, refining, trans- 
portation, marketing . . . and in the supply and service companies . . . progress is 
made without subsidy. Strong domestic reserves, efficient processing plants and im- 
proved distribution methods are factors responsible for the industry’s progress. In 
defense and in business, wherever we may venture, the basic concept of free enter- 
prise must be maintained if we are to remain strong. 
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A new concept in 
retrievable casing packers 


BAKER 


IMO [Dsl 
Wl SM 


DOUBLE-GRIP RETRIEVABLE 
CASING PACKER 


® An advanced new long-stroke (30”) packer... 
with simple one-turn-right control-pin setting, 
automatic bottom and integral hold-down. 




















® Designed for combination acidizing, fracturing 
and production operations. 


: LOCATION OF THE HOLD-DOWN iS 
FUNDAMENTAL TO THE NEW CONCEPT 


In most conventional long-stroke 
packers, the hold-down is attached in 
afterthought-fashion to the mandrel, 
above the bypass valve. Hold-down 
buttons are directly exposed to button- 
dulling pressure surges in the tubing 
and to particle-bearing fluids that 
may deposit solids behind them. 

The bypass valve cannot be used to 
equalize pressures. 


In the Baker Model “R” Packer, the 
hold-down is an integral part of the 
packer, below the bypass valve. This 
new concept restores surface control of the 
bypass valve for pressure equalization. 








PERFORMANCE-PROVED FEATURES } 
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Model ‘‘R”’ a superior packer. But it offers much more. For int 
t Baker has built components of the type proved on their 
high-performance service tools features like those shown 


at right, and never before available in long-stroke packers 
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Today’s practice of fracturing and acidizing in com- 
bination with production—both initially and later — 
requires a new type of packer. It must dependably 
hold pressures from below and at the same time 
perform as an efficient production packer. It must 
be simply run and easily retrieved by the operator. 


Afterthought Hold-Downs Not the Answer 


Conventional long-stroke packers with a hold-down 
added to the mandrel as an extra cannot fully meet 
this need—they were never really designed for this 
kind of use. 

The added hold-down created problems, and often 
did not hold dependably. Operators found that 
hold-down buttons would dull on the way in. The 
packer often proved difficult to release as there was 
no simple way to equalize pressure across the hold- 
down, and sand or frac materials tended to keep the 
buttons from retracting. 


A New Concept Was Needed 

In designing the Model “R” Packer to meet the 
operator’s needs, Baker came up with a whole new 
concept. As explained below, button dulling has 
been minimized because the ample bypass area is 


completely isolated from pressure surges in the tab- 
ing. Pressure differentials across the hold-down and 
the packer can be instantly equalized by simply 
picking up on the tubing. The mandrel can be used 
as a jar at any time, as it is not held inoperative by 
the hold-down. 

To the many advantages brought about by a new 
design approach, Baker added high-quality, per- 
formance-proved components never before found on 
long-stroke packers. 


Baker Stands Behind Every Packer 

Back of the Model “R” is the Baker Service Organ- 
ization. Domestically, 62 Baker field-service ware- 
houses stand ready to supply packers, parts and 
repair service. Over 400 Baker servicemen are avail- 
able to help you in planning applications for this 
packer. Why not ask one of them to tell you more 
about the great new Model “R” Packer. 


BAKER OIL TOOLS, INC. 
HOUSTON/LOS ANGELES/NEW YORK 











q HoLD-pown IS ACTUATED 
BY PRESSURES FROM BE- 
LOW PACKER. The hold- 
down buttons are isolated 
from pressure surges in 
the tubing. Surface bleed- 
off is never required, as 
the bypass valve can be 
opened at anytime. Pres- 
sure differentials can be 
instantly equalized, even 
if the tubing is plugged. 





BUTTONS ARE ISOLATED > 
FROM CONTAMINATED 
FLUIDS. Sand and other 
solids cannot build up in 
back of the buttons and 
thus interfere with button 
retraction. 


NEW FACE-SEAL 
BYPASS VALVE 
instant acting—seals on 
contact, opens with 4” 
pickup. Overcomes plug- 

ging and sticking. 


PRECISION HOLD- 
DOWN BUTTONS 
Precision fitted to mini- 
mize sticking and fouling 
Tapered upper surface of 

teeth aids retraction. 








CONVENTIONAL 





“= 


THREE-ELEMENT 
PACKING SYSTEM 
Proven Baker design. Holds 
under extreme conditions, 
releases readily. Uses no 

metallic back-up rings. 























UNIQUE DIFFERENTIAL LOCK 
HOLDS BYPASS VALVE CLOSED. 
Shown at left, in relation to the 
packer body, is the Balance 
Sleeve which forms an important 
part of the Differential Lock. 
Note how pressure differentials 
from below the packer act on 
this sleeve to force it down so 
that the fingers of the sleeve 
wedge into the groove in the 
mandrel. The very pressure that 
acts to pump the valve open thus 
acts to keep it closed—eliminat 
ing the need for high tubing set- 
down weights. 


UPWARD MOVEMENT OF TUBING 


RELEASES LOCK. No rotation or 
pressure equalization is required 
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DEPENDABLE 
ROCKER-TYPE SLIPS 
Simple, compact, trouble- 
free. Won't wedge or stick. 
Performance proved on 
Baker service tools. 


NEW AUTOMATIC 
BOTTOM 
Automatically locks slips 
in retracted position when 
tubing Is raised the full 

stroke of the mandrel. 





direction of the hole. If direction is not as desired, the orient- 
ing apparatus shown in Fig. 2 is then used to change the 
direction. 

The maximum drift angle will determine the type of 
deflecting tools, either bent pipe or bent sub, to be used. The 
deflecting pipe, Fig. 3, is about 18 to 24 ft long, and is bent 
at an angle which may vary from 2 to 7 deg. At one end, 
the orienting pipe is attached to the regular drill string while 
the other end is attached to the turbodrill and bit. Two 
identical toothed bars are located in the upper (box) end of 
the orienting pipe (inset, Fig. 3). Direction of the teeth on 
these bars is the same as the direction of the bent leg of the 
pipe and the turbodrill. 

From the direction of the imprints left by these teeth on 
the soft lead bottom of a hydrofluoric acid (HF) container 
(Fig. 4) and also from the marks etched by the hydrofluoric 
acid on the glass container, it is possible to calculate the 
angle and direction of the well. 

For gradual and continuous increase in the drift angle, a 
2% to 3-deg bent pipe can be used. A deflecting sub, Fig. 5, 
can be used for larger drift angles. Strength of the sub is 
greater than the strength of the bent drill pipe. Bend angle 
for the sub is 142 to 2 deg. 


Pipe Turning Angle 

In orienting the turbodrill, it is necessary to take into 
account the formation effects, the turbodrill reactive torque, 
and the twisting angle. The reactive torque always affects 
the tool body which, in turn, causes a twisting stress on the 
drill pipe. 

In turbodrilling, the reactive torque depends upon the 
following factors: turbodrill work, characteristic data of the 
turbodrill, flow rate and density of mud, character of for- 
mations, and weight on bit. The reactive turning torque 
which affects the string will be in a counter-clockwise sense. 
Assuming that no friction exists between the drill string and 
the bore hole, the angle of turning due to reactive torque 
can be found by the following equation: 


ML 
a a) 
where 

¢@ = turning angle, radians 

M = reactive torque of the turbodrill, which is 

equivalent to the active torque of the 
shaft, Kg - cm 

L = length of drill string, cm 

G = modulus of elasticity, Kg/cm? (for steel, 

G = 8.5 x 105 Kg/cm?) 
I, = moment of inertia, cm* 


However, the drill pipe does lie against the walls of the 
directional well, resulting in a frictional force which opposes 
the reactive torque from the turbodrill. This frictional 
torque can be determined by the following equation: 


M; = g (sin$ (L) w ($) . . & 


= friction torque, Kg-cm 
= drill pipe weight, Kg/meter 
= friction coefficient with bore hole = 0.2 
= drift angle of the hole, radians 
, = external diameter of the drill pipe, meters 
. = length of drill string, cm 


The angle of turning, 4, can then be calculated by com- 
bining equations 1 and 2: 
_ (M—M,)L 


¢= Gd,) ee 


Moment of inertia, I,, is calculated with d, and d, ex- 
pressed in cm: 


( d,* = d,* ) 


32 


For 6% -in. drill pipe, 1, = 3300 cm‘. 
Expanding Equation 3 gives turning angle, ¢: 


L? , 
= (d.) (2) sin 


ML — 


> 


3 (d,* — d*)G 
Multiplying the result by 57.3 deg/radian gives the turning 
angle in degrees. 


Bit Orientation 

In order to facilitate bit orientation, a special chart is used 
which is divided into 360 deg. The following example shows 
how the bit can be oriented in the desired direction (see 
Fig. 6). 

1. Direction of the hole at bottom is measured at 30 deg. 

2. Desired direction is 60 deg. 

3. Direction of the deflecting tool, which is equivalent to 
bit direction, is 110 deg (determined with orienting appa- 
ratus, Fig. 4). 

4. Turning angle, ¢, is calculated to be 105 deg. 

In order to orient hole in desired direction, present hole 
direction must be increased by 30 deg (60 deg — 30 deg = 30 
deg). Therefore, present bit azimuth of 110 deg must be 
increased by 25 deg to 135 deg, so that counter-clockwise 
turning of bit through an angle of 105 deg (4) will result in 
desired redirection by 30 deg. 

Since the drill pipe must not be turned while the deflecting 
tool is in the string, the pipe must be moved up and down 
occasionally to avoid sticking the drill string. 

Subsequent measurements of the drift angle and direction 
will determine whether or not to continue using the deflec- 
tion tool or to remove the tool and continue drilling with- 
out it. 
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The “OILWELL” string... 


When you buy from “Oilwell”, you buy much more than a 
piece of equipment. You buy a function. You buy a means for 
drilling for oil or gas—or producing, transporting or processing 
it. With our products come services that make your job easier, 
your operation more profitable. Behind our products are 
services that work continually for higher quality, better design, 
and the assurance that when you buy from “‘Oilwell’’ you get 
the best in machinery and equipment. Stores and sales offices 
at over 100 points serving oil and gas operations in the United 
States and Canada round out the “Oilwell” string. 

The “Oilwell” string even stretches to foreign lands where 
we provide representation in all oil and gas producing areas. 

Turn the page for details about how the “Oilwell” string of 
products, services and stores assures you the most dependable 
source of supply in the petroleum industry. 


Oil Well Supply 
Division of 
United States Steel 








The “OILWELL” string... Broo 
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99 years after the yellow dog 


Not long after Col. Drake drilled his well, 
Oil Well Supply was in business and one of 
our earliest products was this “‘yellow dog,” 
used for illumination. You can’t buy a “yellow 
dog” from us today, but you can buy every- 
thing you need for the drilling, producing, 
refining and transporting of petroleum prod- 
ucts .. . everything from a complete drilling 
rig to a handful of nails. 
“‘Oilwell’’-designed, -developed, and -field- 
tested machinery and equipment includes 
complete drilling rigs, surface and subsur- 
face pumping equipment, reciprocating and 
centrifugal pumps, engines and compressors. 


Distinct advantages to the user come from 
the fact that much of what we offer has been 
conceived and manufactured for the petro- 
leum industry’s specific needs. 

In addition, ‘‘Oilwell’’ distributes the best 
of well-head equipment — valves and fittings 
—and all of the essential general running 
supplies, including USS National Tube pipe 
and USS Tiger Brand Wire Rope. 

This wide range of own-make and selected 
vendor equipment, which we carry in stock, 
enables us to provide for our customers’ 
needs whatever and wherever they may be. 


USS and “Oilwell”’ are registered trademarks 














No hole but pay every day 


This installation works overtime just about 
every day, and the “‘pay”’ it produces ends 
up in your pocket. It’s an “Oilwell” test 
center where we simulate actual drilling and 
waterflood pumping conditions to assure the 
dependability of ‘Oilwell’? Pumps and Parts. 
Conditions can be varied from light loads to 
excessive overloads, and we can duplicate 
the roughest service you’ll ever encounter. 
Complete instrumentation measures and re- 
cords wear and performance of slush pump 
and plunger pump fluid end parts; we test 
everything about a pump, even the V-belts, 
gaskets, packing and oilers. From the data 
we collect come new designs, improved prod- 
ucts and, ultimately, the kind of reliable 
performance that lowers your operating costs. 
Extensive testing is only one of many “‘Oil- 
well” services which include research, appli- 
cation, installation, and maintenance. 


One-stop shopping 


Suppose your want list read like this: one 
pumping unit—one gas engine—one polished 
rod—one 4” plug valve—two safety hats 

one 24” pipe wrench—and a 10 lb. box of 
rags. Where do you suppose you could get it 
all—all at once? At your nearest ‘‘Oilwell”’ 
store, of course. We’re in business to give 
you quality products when and where you 
want them. Whatever your need, you’!l find 
that when you get it from an “‘Oilwell’”’ store, 
it will be of the best quality and priced right. 
And you won’t have to go far because “‘Oil 
well” stores are located for the convenience 
of our customers. That’s why we say 

‘‘Wherever there’s oil—there’s ‘Oilwell’. 





EDITOR’S NOTE: The author has long been interested in the 
subject of metric versus English units of measure. His technical 
education in Europe and his engineering experience for 10 years 
following involved use of the metric system. The past 20 years of 
his engineering work have been in the English system. He is 
familiar with the solution of engineering problems in either 
system. To quote him on the subject; “It is my opinion that the 
same engineering calculations can usually be handled in the 
metric system in less than half the time it takes to do them in 
English units. The difference is sometimes so great that one can 
save time by converting an engineering problem into metric units, 
solving it, and then converting the answers back into foot-pound 
units.” 


J. J. ARPS 

The British-American 
Oil Producing Company 
Dallas, Texas 





LOSING BY INCHES? 


engineer using the same electric calcu- 


AN EXPERIENCED ENGINEER 
took 41 seconds with an electric calcu- 
lator to compute the bottom-hole pres- 
sure of a well 6321 ft deep filled 
with 38.2 API gravity oil. His answer 
of 2288 psi in English system is shown 
at left in Fig. 1. 

Calculation time for the same engi- 
neer on the same calculator and 
employing the metric system of 
measurement was only 9 seconds — 
just 22% of the time needed for the 
same calculation in English units. As 
shown at right in Fig. 1, the decimal 
point was shifted one place in the depth 
measurement (in meters) to correct to 
atmospheres of pressure for water. The 
bottom-hole pressure for oil was then 
obtained simply by multiplying this 
value by the specific gravity of the oil 
(0.834). 

Although this problem was selected 
to demonstrate the vast difference in 
the two systems when working a simple 
problem, it clearly indicates the engi- 
neering ease of using metric units. 

To make the calculation in English 
units, the engineer needed to know that 
the head of the column of water is 
0.434 psi per ft, and unless he had a 
conversion table handy to convert API 
gravity to specific gravity, he would 
calculate the gravity factor according 
to the formula shown. 

Let’s take another example in which 
calculation time is drastically reduced 
by metric measurements. Dimensions 
of a mud tank in feet and inches are 
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shown at the left in Fig. 2. The same 
dimensions are translated into metric 
units and shown at right in Fig. 2. The 
simple mathematical exercise to obtain 
the volume of this tank in both units 
of measure is shown below the two 
illustrations. 

Volume calculations in the English 
required 86 seconds by the experienced 


lator. In this case, it was assumed that 
he remembered that one cubic foot is 
equal to 0.1781 bbl. He might have 
saved some time had the tank measure- 
ments at left in Fig. 2 been made in 
feet and tenths of feet, such as found 
on measuring tapes used in the oil 
fields to tally pipe. 








BOTTOM HOLE PRESSURE 


FOOT- POUND SYSTEM 





Oil 
6321 ft. < 77 


Time: 4! Sec. 





G2 3a2'api 
~ 927m. v7 | 


Bhp= (632! )434\wck+uz)*22 88psi 


METRIC SYSTEM 





<< oll 
a Sp. gr £34 


CAA 


in 


Bhp=(192.7%834=16! atm 
Time: 9 Sec. (22%) 








FIG. |. Calculating bottom-hole pressure compares our English system with the simpler 


metric system. 
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AVOID DELAY! 


see CONTINENTAL-EMSCO first 
for any oil field rubber product 


Your time is too valuable to waste in searching for the right oil field 
rubber products. That’s why your Continental store normally keeps 
. the industry’s broadest inventory, from stuffing box rings to rotary 
hose. And for unusual-application items, convenient field warehouses 
eliminate needless waiting for shipment from distant points. 


Made by New York Belting and Packing Company, these products 
provide the sort of quality that pays off in better performance and 
longer life. Take Green Triangle Super V-Belts, for example: Their 
load capacity equals any on the market. Cords are built in under 
tension with error-proof electronic precision, assuring maximum 
shock resistance and better load distribution. A unique molding 
method eliminates all imperfections for smoother performance .. . 
longer life. Belts are individually boxed or packaged in sets to keep 
them in perfect condition assure easy storage and identifica- 
tion. Matched sets are guaranteed. 


Check your requirements for oil field rubber goods. Then insist on 
the best — NYB&P, sold exclusively through Continental. You'll 
save time by making your first stop the only stop .. . at the store with 
the big Green Triangle. 











for every purpose 


and at Continental, hose stocks 
are matched by stocks of regular 
and special couplings for almost 
any application 


@ Rotary Hose 

@ Slimhole Rotary Hose 

e Oil Suction & Discharge Hose 
e Suction Hose 

e Discharge Hose 

e Rig Washdown Hose 


e High-Pressure, Wire Braid Oi 
Field Hose 


e LPG Hose 

e Air Hose 

e Paint-Spray Hose 
e Dock Hose 

e@ Steam Hose 

@ Water Hose 


V-BELTS 


endless belts in the widest 
range of sizes, plus special Gil-Link 
emergency belts 


PACKING 


@ Rod Packing 

e Sheet Packing 

e Pump Packing 

e Valve Stem Packing 
@ Stuffing Box Rings 





CONTINENTAL- EMSCO 


Serving the Oil and Gas Industries 
. Worldwide 








CONTINENTAL-EMSCO COMPANY «= A Division of The Youngstown Sheet and Tube Company ¢ 


General Offices: Dallas, Texos 


Export Division: 30 Rockefeller Plaze, New York, N. Y ©  Continentol-Emsco Compony limited ¢ General Offices: Calgary, Alberta, Conodo 
Continental-Emsco Company C. A., Coracos, Venezvela © Plonts: Houston ond Gorlond, Texas; St. Albans, Herts, Englond © Representotives in All Principal Oil Fields of the World 





The same tank volume calculation 
in metric units took only 19 seconds, 
or about 22% of the time to make the 
calculation with English units. 


How Our System Came About 

Way back in Early Tertiary times 
when the common ancestor of the 
primate order of mammals first devel- 
oped five digits on front and hind feet, 
they actually did us somewhat of a 
disservice. This led to our current 
decimal counting system based on the 
number 10. (Assuming, of course, that 
we keep our shoes on!) 

The number 10 can be divided evenly 
only by 1, 2, 5, and. 10, or by four 
whole numbers. It would have been a 
lot better if these creatures had devel- 
oped six digits on hands and feet so 
that we would have a duodecimal sys- 
tem today with 12 as the base. Twelve 
is a much better number, because it 
can be divided by 1, 2, 3, 4, 6, and 12, 
or by six whole numbers instead of 
four. Particularly the possibility of 
dividing by 3 and 4 would have a great 
advantage. 

Be that as it may, we are stuck with 
the base 10. When the United States 
became independent from England it 
wisely dropped the farthing, penny, 
shilling, pound, and guinea monetary 
system with its multiples of, respec- 
tively, 4, 12, 20, and 21, in favor of a 
decimal system of dollars and cents. 
There was also a strong feeling at that 
time that the antiquated system of feet 
and pounds should be updated. 

Both George Washington and 


Thomas Jefferson expressed them- 
selves in favor of the country adopt- 
ing as its standard the metric system, 
which had just been established in 
France in 1791. Later, John Quincy 
Adams also explored the metric sys- 
tem thoroughly and recommended its 
adoption. Of course, in those days any- 
thing originating in revolutionary 
France was about as popular as things 
originating in Russia today, and some 
thought was therefore also given to an 
independent standard such as the 
length of the one-second pendulum at 
45-deg latitude. The whole thing ap- 
parently became bogged down and we 
relied on the British standards until 
1866 when the Congress got around to 
legalizing the country’s measurement 
system. 

Strangely enough, the United States, 
although it is an English system coun- 
try, has no standard of either length or 
mass in its system. Th English Im- 
perial Standard yard and pound, kept 
in custody of the Britssh Board of 
Trade, appear to be slowly shrinking 
since they were first made in 1845 out 
of bronze. In the United States all 
elements of length and weight are de- 
fined since 1893 in terms of the metric 
system, and the United States proto- 
types for both length and weight are 
platinum-iridium copies of the French 
meter and the French kilogram. 

In other words, our current units 
are already expressed basically in terms 
of the metric system. Under pressure 
from different quarters, the Federal 
Government is currently taking a new 
look at our whole system of measure- 





VOLUME OF MUDTANK 





FOOT- POUND SYSTEM 


woe 


VOLUME 





Time: 86 Sec. 





6764221 43X178)-1387 bbls. 


METRIC SYSTEM 


VOLUME 


(2O19\LO32\06902204 m° 
Time: 19 Sec. 











FIG. 2. Volume calculations are greatly simplified when measurements are expressed i 


metric units. 
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ments. Representative Overton Brooks 
has introduced a resolution in Con- 
gress calling for a full-scale Federal 
study of the entire question of the 
English versus the metric system. At 
the same time, the U. S. Bureau of 
Standards is naming a committee of 
experts which will investigate the metric 
system. 


Simplicity of Metric System 


The simplicity of the metric system 
makes it possible for growing children 
to more readily understand the rela- 
tionship between the units. For in- 
stance, we measure length by miles, 
area by acres, and volume by ga?k:. 1s. 
There is no simple connection between 
these units. 

The ideas conveyed by the words we 
use to describe length or area do not 
suggest to a child the simple truth that 
by multiplying two lengths you get an 
area, and by multiplying three lengths 
you get a volume. Even if he thinks of 
nothing else than of simple distance, he 
must learn by rote that there are 12 
in. in a foot, three feet in a yard, and 
5% yards in a rod, and for no ap- 
parent reason, 5280 ft in a mile. These 
do not point out the basic connection 
between length, area, and volume. 
They erect a physical barrier that often 
diverts, blunts, and frustrates a young- 
ster’s interest in science. The metric 
system, however, is straightforward and 
can be easily understood by a child. 


As an example: 


10 millimeters centimeter 


10 centimeters decimeter 
10 decimeters meter 
10 meters decameter 


10 decameters hectometer 


10 hectometers kilometer 
The Russians, who completely 
changed over to the metric system in 
1927, have therefore a tremendous 
advantage over us. Metric arithmetic is 
a window through which students are 
induced to get their first glimpse of the 
simple orderliness of geometry. 


Specific Gravity 


The metric system can be carried 
further than length and weight. As you 
know, the kilogram is defined as the 
weight of one cubic decimeter or one 
liter of water at its greatest density 
at 4C. All relative weights of 
other materials are expressed metric- 
ally by specific gravity, or,the decimal 
ratio of the weight of the sime volume 
of the substance to that of*water; This 
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tl NEW STABILIZER 


helps prevent ioss of cement strength in hot holes 


HALLIBURTON SILICA FLOUR now makes it 
possible to maintain or improve cement compres- 
sive strengths and keep cement permeability low 
in even the hottest wells. 


Portland-ty pe cements show drastic strength retro- 
gression when subjected to high temperatures. A 
cement having a good compressive strength of 
4,500 to 5,000 psi may lose half this strength in 
only 14 days exposure to high well temperatures. 
Silica Flour reacts chemically with the cement to 
help combat this strength retrogression. 


Experience in cermenting over 500 hot holes using 


«+. where advanced oil well cementing begins 
through research! 
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blends of 20 to 40 per cent Silica Flour with re- 
tarded cements has shown impressive results in 
controlling strength retrogression and undesirabk 
permeability increase. This additive is compatibk 
with all commonly used cements, retarders, low 
water loss additives, weighting and lost circulation 
materials. 


Lasting protection for your well requires lasting 
cement strength with low permeability. Investigate 
Silica Flour, another product development of 
Halliburton research... for cementing any well 
over 200° F. 
using steam or thermal drives. 


and for secondary recovery wells 


CEMENTING SERVICES 

. ee ee ae 
“=p 

Hai liburton 


COMPANY 


FOR FURTHER INFORMATION ON 


ADVERTISED PRODUCTS. SEE READER SERVICE CAR 





another 


TRETOLITE SERVICE 


report 


1948 COST LEVEL 


IN A PERIOD OF 
RISING PRODUCTION COSTS 


KONTOL prices 


are still at 1948 level! 


* Registered trademark, Petrolite Corporation 


PETROLITE 


vORP ORATION 


TRETOLITE COMPANY 


SEV eSt Ons 


FOR FURTHER INFORMATION ON 


NO 
PRICE 
INCREASE 


MACHINERY STEEL KONTOL 
MT 
Sy 
io} 4 
a |i 
" § | 


The Tretolite research staff constantly seeks 
ways to produce better Konrot* Corrosion In- 
hibitor formulas for less money. This concern 
for cost control as well as corrosion control has 
kept the per gallon price of Konto at the 1948 
level! Today, when costs of equipment, material, 
and wages are spiraling higher, it makes more 
sense than ever before to invest in a sound 


KonTOL corrosion control program. 


Ask the Man in the Red Car 


how it can be done. 





SUBSIDIARY AND AFFILIATED COMPANIES 


CANADA, Edmonton, Alberta e ENGLAND, London 
GERMANY, Frankfurt, a. M. «© VENEZUELA, Caracas 


REPRESENTATIVES 
ARGENTINA, Buenos Aires + BRAZIL, Rio de Janeiro « COLOMBIA, Bogota 
ITALY, Rome « JAPAN, Tokyo + KUWAIT, Kuwait « MEXICO, Mexico, D. F. 
NETHERLANDS, The Hague « PERU, Talara * TRINIDAD, Port of Spain 
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TIGER ON THE SPOT IN THE OIL FIELDS 


This is the line with the PETROFIBER 
Core that outperforms and outlasts 
any other type of core used in well- 
servicing lines. It will save money for 
you in every USS Tiger Brand Line 
you buy for this service. 


This mark tells you a product 
is made of modern, dependable Stee! 


“6s9) Tiger Brand line with Petrofiber Core is the best yet for well-servicing” 


“‘We’ve tried every line that came along for 
well-servicing and this Tiger Brand line with 
Petrofiber Core outlasted them all.’’ These are 
the words of Mr. K. D. Cole and Mr. B. G. 
Spurgeon who operate seven well-servicing rigs 
around Wewoka, Oklahoma. Every well-servic- 
ing contractor has run up against the problem of 
shortened wire line life due to core deteriora- 
tion caused by hole fluids such as acids, caustics, 
salt water and other elements in the well. 


Petrofiber cores are 100% resistant to all hole fluids. 
They are made with synthetic fibers derived from a new 
group of petrochemicals: polypropylene by name. This 
material has superior qualities for cores of swabbing lines, 
sand lines, and drilling lines when used in well-servicing. 
The new Tiger Brand Petrofiber line can be stored indefi- 
nitely without rotting or aging of the core. It has no 
tendency to absorb corrosive hole fluids or chemicals. 


Provides best strand-supporting characteristics. 
Petrofiber cores afford a more stable and more lasting sup- 
port to the line’s steel strands. Core flow or migration which 
can result in unbalancing the line has been eliminated. 


Withstands highest well temperatures or 
arctic cold. Petrofiber cores have an extremely 
high softening point of almost 300°F. This per- 
mits continued operation at higher well temper- 
atures than ever before possible. They also 
retain full toughness down to minus 80°F. They 
could be used in the Arctic Circle or in the 
desert without core damage. 
Gives longer money-saving service. Wire 
lines made with Petrofiber cores withstand the 
most difficult well-servicing operations. They have been 
proven in the field and will outlast any line you’ve ever 
used. Send for our folder on Tiger Brand Lines with 
Petrofiber Cores. American Steel and Wire, Dept. 1160, 
614 Superior Avenue, N.W., Cleveland 13, Ohio. USS, 
Tiger Brand and Petrofiber are registered trademarks. 


American Steel and Wire 
Division of 
United States Steel 


Columbia-Geneva Steel Division, San Francisco, Pacific Coast Distributors 
United States Stee! Export Company, Distributors Abroad 





compares to our system of expressing 
oil gravity in degrees API and mud 
weights in pounds per gallon or pounds 
per cubic foot. In the metric system, 
these properties are in specific gravity, 
or grams per cubic centimeter. 


Angular Measurements 


Now let’s look at angular measure- 
ments. We still divide the circle into 
360 deg, every degree into 60 minutes, 
and every minute into 60 seconds. This 
system probably started back in 
Phoenician times with a rather inac- 
curate idea of the number of days in 
a year. A more modern system of 
angular measurements, although not 
strictly part of the metric system but 
widely used in metric countries, par- 
ticularly in surveying, divides the circle 
into 400 deg, and every degree into 
100 minutes, and every minute into 
100 seconds. 


With this system a right angle be- 
comes 100 degrees and one degree on 
a meridian of the earth becomes 100 
kilometers, One minute one kilometer, 
and one second ten meters. The ad- 
vantages of this centesimal system in 
surveying where angle measurements 
have to be added up and subtracted 
is also obvious, since it can be done 
on adding machines without converting 
the minutes and seconds. 


Pressure Measurements 


Another advantage of the metric 
system that is not too well known is 
in the field of pressure measurements. 
lhe metric technical atmosphere is one 
kilogram per square centimeter, or the 
weight of a column of water of 10 
meters. This makes pressure measure- 
ments at the bottom of a well full of 
water extremely simple; just divide 
the meters of water head by 10 and 
you have the bottom-hole pressure in 
atmospheres. 


Partial Conversion 


It is interesting to note that in most 
scientific work we are already on a 
metric basis. In physics and chemistry 
metric units are almost universally 
used. In electrical engineering we al- 
ready are around 80% metric, since 
we are customarily using such metric 
units as volt, ampere, ohm, farad, etc. 
Recently the pharmaceutical manufac- 
turers converted all of their packaging 
to metric standards. 


In petroleum engineering, however, 
we have been metricized only to a very 
limited extent. We are using only the 
metric units of darcy and millidarcy, 
and in electric logging our unit of 
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measurement of resistivity is the ohm- 
meter. In fluid flow we use the metric 
centipoises and centistokes. 

One of the handicaps in this techno- 
logical age is that many scientists are 
thinking in metric terms, while 
mechanical, civil, and petroleum engi- 
neers are still largely thinking in terms 
of the foot-pound system. In other 
words, they are talking in a different 
language, and conversion and transla- 
tion obviously hamper and slow down 
communication. 


When the Soviets adopted the metric 
system in 1927 they did away with 
their versts and other absurd measure- 
ments that were as mysterious and 
unintelligible to the rest of the world 
as our inches and pounds are today. 
By deciding to measure metrically 
along with the rest of the world, Russia 
got hold of a weapon that is extremely 
powerful because it is not secret. China 
and Japan have recently adopted it. 
and India is about to. Only the United 
States, most of the British Common- 
wealth, and Ireland are still on the 
foot-pound system. 


Origin of Some Units 

Let’s consider’ for a moment the 
basis for some of our units. 

The inch was originally the breadth 
of a thumb. In the Roman duodecimal 
system it was defined as 1/12 of a foot, 
and was introduced into Britain during 
the Roman occupation. It is said that 
King Edward II pronounced its exact 
length to be that of three dry, round 
barleycorns laid end to end. 

The origin of the foot is of course 
obvious. We define it today as % of a 
yard. 

King Henry I established the yard 
by measuring the distance between the 
tip of his finger and the tip of his 
nose. 

The mile comes from the Latin 
mille, or one thousand. It was supposed 
to be 1000 double steps of the average 
Roman soldier. 


In biblical times Noah’s carpenters 
had a measurement called a cubit. This 
was the length of the forearm from the 
tip of the middle finger to the elbow 
Assuming that several carpenters with 
several different arm lengths worked 
on the same project, it is a marvel that 
the ark ever floated. 

Then, there is the story of the 
erudite German, Gabriel Daniel 
Fahrenheit, who once waited in Dan- 
zig until it got as cold as he thought 
it could possibly get. On that very cold 
day he stuck his thermometer out the 


window, and that became zero degrees; 
then he put it under his arm, and that 
became 100 deg. So, the history of our 
temperature measurement goes back to 
the fact that there was once in a rather 
cold town a rather hot guy. 


Will We Ever Change? 


There is no doubt that the United 
States will be using the metric system 
someday. Our country is rightfully 
famous the world over for its efficiency 
in doing things; for its ability to stream- 
line operations; for its time-saving 
devices, etc. Therefore, the overwhelm- 
ing forces of simplicity, easier com- 
munication, and common sense will 
force us eventually into adoption of a 
simpler system of measurements than 
the one we are now using. It is accen- 
tuated by our concern about the edu- 
cation of our children, the competition 
with Russia and the rest of the world, 
and about the problems of living and 
trading with neighbors that only yester- 
day were strangers. It looks like this 
transition is not a question of “if” but 
“when and how.” 


This of course can only be answered 
by a serious study such as the one now 
being considered by the Congress. It 
is obvious that the metric system can- 
not be adopted overnight. It will take 
time, and it must be done in gradual 
steps. The first step could be to start 
familiarizing pupils in our elementary 
schools with metric units of measure- 
ment. This could be done right away. 
The second step might be to change 
measurements of geographical dis- 
tances. A third step might be to set a 
target date after which metric measure- 
ments would be used for all legal and 
governmental documents. And a fourth 
step would be the requirement that all 
government orders for material would 
be metric. 


A complete and gradual changeover 
will probably take a generation and 
maybe by the year 2000 we will find 
ourselves completely in step with the 
rest of the world. Such a changeover 
would result in the kind of efficiency 
which suddenly came to the oil industry 
when the API standardized pipe sizes 
in the early 1920’s. 
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Reed Cobra bits are just one example of 
the outstanding economies made 
possible by Reed’s continuing program of 
research and development. These bits 
are setting phenomenal records all over the 
oil country in both mud and air drill- 

ing. For example— 

On a West Texas well, drilling with 
mud below 12,000 feet, four Reed Cobra bits 
drilled 2,289 feet in 40412 hours. On an 
offset well it took 37 tooth bits to drill 2,172 
feet in 558 hours. On another West Texas 
well a Cobra bit set an air drilling record of 
3,644 feet in 103 hours. “s 


In Pennsylvania, drilling with air, it is routine 


for one Reed Cobra bit to complete the hole 


PIONEERS IN 
EFFICIENT DESIGN 


from surface casing to TD. In this area total foot- 
age per Cobra bit regularly exceeds 7,000 feet. 
Drilling with mud in East Texas in the tough 
Travis Peak formation Cobra bits consistently 
get runs up to 250 feet. Drilling with gas in Missis- 
sippi 10 Cobra bits drilled 6,850 feet in 358% 
hours. In the same vicinity more than 10 times this 
number of tooth bits were required to drill the 
same footage with mud. 
There is a Reed man near you. Let him give 
you the full story on Reed Cobra bits and the Reed 
Quality Line—tool joints, drill dollars and rock bits. 





PENNSYLVANIA — 1 COBRA BIT, 
8,352 FEET IN 134% HOURS 


WEST TEXAS — 1 COBRA BIT 
3,644 FEET IN 103 HOURS 


FOUR CORNERS -- 1 COBRA BIT 
4,102 FEET IN 134% HOURS 


MISSISSIPP| — 1 COBRA BIT, 
1,317 FEET IN 5134 HOURS 
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REED ROLLER BIT COMPANY 





MH EXA e Export Office e and Life Bidg., Suite 
744 Rockefeller Center, New York 20, N. Y.-Reed Roller Bit 
Nederland) N. V Rooseveltstroat 6, Leiden Reed 


Roller Bit ne y, L1G. 4431 6th St E sigary, Alberto 


Dowell provides electronic computer calculations 


to help operators select best frac treatments 


Dowell’s new electronic computing service is 
now providing rapid calculations —- based on the 
Frac Guide* - to help operators select fracturing 
treatments best suited to their needs and available 
funds. This new service by Dowell costs you nothing 
extra, yet it offers operators new opportunities for 
greater profits from fracturing. 

The computer provides calculations comparing 
the effects of different fracturing fluids, injection 
rates and propping agents for a given set of well 
conditions. 

The computer output shows predicted produc- 
tion increase, treatment cost and payout for each 
treatment analyzed. These data can be plotted on 
graphs to give the operator a visual comparison of 
the treatments being considered. 

The big advantage of Dowell’s computing serv- 


ice lies in speed of calculations. Until now, it took 
an engineer something like a full day to calculate 
a single treatment with only a few variables. The 
computer requires less than ten minutes. This, 
coupled with Dowell’s nation-wide teletype system, 
makes it possible to provide customers with many 
calculations quickly — usually in only a few hours. 

Accuracy is another advantage. The computer 
minimizes the possibility of error in calculations 
and frees engineers to double check input data for 
accuracy and completeness. The result is more accu- 
rate, more reliable calculations than ever before. 

Again, Dowell is helping operators improve 
fracturing results. Again, there is no extra cost. Ask 
for full information. Dowell services and products 
are offered in North and South America, Europe 
and North Africa. Dowell, Tulsa 1, Oklahoma. 


*DOWELL SERVICE MARK 


SERVICES FOR THE OIL & GAS INDUSTRY 
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Fasiest Drilled Well _ 
Used ATIAS EMUISIFER 


Shell Cuts Drilling Time in Bryan’s Mill Field 


In the Bryan’s Mill Field, Cass County, Texas, a \ 
new record for the fastest drilled well was set 
by Shell Oil Company using an Atlas emulsifier. COMPARISON 

In drilling Latham B-1, seven days were cut from LATHAM B-1 LATHAM No. 1 
the previous field record, with a saving of $14,475 
in rig time and bit cost. 





Interval 7000-10,4 7000-10,300 


An inspection of the drilling records for Shell's Mud — A 


Latham B-1 and Latham No. 1, the previous fastest Rig Days , 57 
drilled well, shows the improvement was made Hole Size . 834” 
in the interval where the Atlas emulsifier was ' 

used. The drilling contractor for the record well, oe wen o 
Lecuno Oil Company, had almost identical drilling Feet per Bit 

times and bit consumption from surface to 7,000 
feet. At this depth the mud was converted to a low- 
solids emulsion using an Atlas emulsifier instead 
of a conventional emulsion mud. Comparing the ou ae 

last 3,300 feet, Latham B-1 was drilled in seven DRILLING MILK 

days less time and with 27 fewer bits. Translated Apes 

into dollars, this represents a saving of $8,400 in 

rig time and $6,075 in bit cost. ‘aoe to oe 








7,000° 





ATLAS EMULSIFIERS IMPROVE A GOOD DRILLING FLUID 
Because Atlas oil-in-water emulsion muds 
provide better oil action, they improve hole 
conditions, extend bit life, and increase 
penetration rates. 





Better Hole Conditions. Atlas oil emulsion 
decreases torque as much as 50% ... the 
hole is kept cleaner and pump pressures 
are correspondingly lower. There is less 
danger in lost-circulation and low-pressure 
zones. 
Longer Bit Life. Atlas oi] emulsion prevents 
balling, provides better cutter and bearing 
lubrication. Greatly extended bit life re- 
duces bit costs, reduces rig hours lost to 
© trip time. 
08 Se eee Faster Drilling Rates. Atlas oil emulsion 
Onev COVE Samim CORP makes more feet of hole per hour. Oil lu- 
brication combines with improved hole 
condition to increase drilling rates in com- 
petent and troublesome formations. 


SPECIAL EMULSIFIER 
ror 


CLEAR WATER ORMLING 


Aquaness 
CHEMICALS 


ATLAS POWDER COMPANY 


Aquaness Department, Atlas Powder Company 
P.O. Box 21072 + Houston 26, Texas 





WATERFLOOD 
WATCHDOG 


Shell Oil Company uses an ingenious spark 
plug device to cut costly corrosion 


AN ELECTRICAL WATCHDOG 
that costs about two dollars is helping 
Shell Oil Company save thousands of 
dollars in its widespread waterflood 
installations. The device, which consists 
of a spark plug, rubber band, and a thin 
ribbon of steel, detects the start of pit- 
ting corrosion in steel pipes carrying 
injection water. 

Called an electrical resistance meas- 
uring probe, the watchdog was devised 
at Shell Development Company’s Em- 
eryville Research Center to help pro- 
tect equipment in Shell Oil’s more than 
50 waterflood projects in nine states. 
Last year, Shell produced an estimated 
6.6 million bbl of crude oil through 
waterflooding, but the company has 
spent as much as $100,000 a year 
plugging leaks and replacing pipe dam- 
aged by pitting corrosion. 

Research personnel in the Emery- 
ville Center began studying this type 
of corrosion a few years ago. Chemist 
P. J. Raifsnider, Materials Engineering 
and Corrosion Department, conducted 
extensive laboratory tests to determine 
its exact cause. His research disclosed 
that the basic cause was traces of oxy- 
gen in the injection water carried 
through the pipes. 

The trace of oxygen itself was not 
harmful. But at places where there 
were scale and dirt deposits on the in- 
side wall of the pipe, it created an 
imbalance of oxygen. This imbalance 
set up an electric field that resulted in 
a steady stream of ions being released 
from the inside wall of the pipe into the 


Reprinted with permission from Shel News 
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of waterflood installations 


water. A corrosive force was thus con- 
centrated beneath each deposit. 

Raifsnider solved the problem by 
adding to the injection water an in- 
expensive chemical scavenger which 
removed all traces of oxygen and 
stopped pitting corrosion. 

With the problem properly diag- 
nosed and treatment prescribed, the 
need became obvious for some simple 
device which could quickly reveal such 
corrosive conditions in injection water 
before corrosion damaged the pipes. 
As a result, Raifsnider developed the 
electrical watchdog, using the spark 
plug, rubber band, and ribbon of steel. 
As illustrated, the steel ribbon is welded 
to the electrodes of the plug, forming 
a loop. The rubber band is tied around 
the bottom of the loop. When the spark 
plug is threaded into the side of the 
pipe, the looped steel ribbon is sus- 
pended in the water passing through 
the pipe. 

Inspectors check for corrosion by 
testing the probe with a simple circuit 
tester, such as a one-cell flashlight bat- 
tery connected to a flashlight bulb. 
When the circuit tester is connected 
with the spark plug, the flashlight bulb 
will light—if everything is in order. If 
too much oxygen gets into the water, 
the first metal to be pitted and then 
eaten through is the thin steel ribbon, 
since the rubber band around it has an 
effect similar to dirt and scale deposits. 

When the ribbon is pierced, the cir- 
cuit is broken and the bulb won't light. 
This signals an accidental leak of air 
into the system and calls for additional 


THREADED 
COUPLING 


a: 
= 


METAL BAND —© 
Vv 


2 


° = ’ ~ RUBBER’ 5 


SALT WATER 


Electrical probe consists of a common spark 
plug with a thin steel ribbon welded to the 
electrodes. Corrosive water causes pitting of 
metal ribbon under the rubber band and a 
circuit tester detects resulting parting of the 
steel ribbon. 








Chemist P. J. Raifsnider of Shell Develop- 
ment Company's Emeryville Research Center 
displays the spark plug probe he devised to 
detect early signs of corrosion. 


chemical treatment of the water to pre- 
vent corrosion damage throughout the 
system, above and below ground. 

Both the oxygen scavenger and the 
probe were tested successfully at sev- 
eral waterflood projects during 1960. 
Most dramatic results were obtained 
at the Joy waterflood project near 
Wichita Falls, Texas, which had been 
experiencing about 20 pipe leaks per 
week. During the year following intro- 
duction of the waterflood watchdog at 
this location, there was only one leak 
in the system. 

Shell has since installed the pro- 
tective device in major waterflood proj- 
ects in California, Illinois, and Texas, 
resulting in certain reductions in main- 
tenance costs due to pitting corrosion. 


*** 


THE PETROLEUM ENGINEER, June, 1961 











\ Better Production Tools Through Research 





Oil W Equipment \ 








Volume Ill, Number 1 


Otis Engineering Corporation ¢ Dallas 


Production Equipment and Services 





Otis Sliding Side-Door Proves 
Most Versatile Circulating and 
Production Tool in the Field Today 


Three Different Versions 
Solve Many Costly 
Production Problems 


DALLAS — The Type A Otis Slid- 
ing Side-Door®, designed and intro- 
duced to the oil industry just four years 
ago, has become the most widely used 
selective circulating and production 
tool in the field today. Since its intro- 
duction, two modified versions — the 





LOCK RECESS 
Inner Sleeve Open) 


LOCK RECESS 
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TYPE A OTIS 


SLIDING SIDE DOOR 
© 1961 0.E.C 
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Sliding Side-Door, with pump-out plugs 
and expendable shifting device, and the 
Sliding Side-Door Cross-Over — have 
been introduced. 

The Type A Otis Sliding Side-Door 
is a full-opening tool designed to pro- 
vide a selective means of establishing 
a flow course between the tubing and 
annulus without killing the well, mov- 
ing the tubing, or disturbing the packer 
setting. The tool is opened or closed by 
standard wire line methods and so 
designed as to permit any number of 
Sliding Side-Doors to be installed in a 
single string of tubing and any one or 
all opened or closed with a single run 
of the rugged, proven shifting tool. The 
Sliding Side-Door with pressure shift- 
ing tool may be run in on the tubing in 
the opened position and after circulat- 
ing may be closed by pumping down 
an aluminum ball or drop plug. 


Proven Design Features 


According to the many operators 
using this equipment, there is an exclu- 
sive combination of features that makes 
the Otis Sliding Side-Door preferable 
for efficient well completfon and eco- 
nomical production. These are: (1) 
Thoroughly proven in thousands of 
wells. The design and mechanical 
operation of the tool has several years 
of operating proof behind it — the 
producer can use the Otis Sliding Side- 
Door with confidence. (2) Positive 
indication of opened-closed sleeve posi- 
tion. The shifting of the inner sleeve of 
the Sliding Side-Door is accomplished 
by the rugged Otis Shifting Tool. This 
proven Otis Shifting Tool is an auto- 
matic self-releasing device that serves 
to indicate positive opening or closure 
of the sleeve. The inner sleeve also 
incorporates equalizing ports that are 
designed to permit equalization of 
abnormal pressure differentials when 
shifting the sleeve. (3) Outer sleeve 
design and construction combined with 
the clearance between the inner and 
outer sleeves have practically elimi- 
nated the metal-to-metal bind that 








makes shifting other tools often impos- 
sible. The Type A Otis Sliding Side- 
Door is designed to withstand the 
distortion forces of temperature, com- 
pression, tension, or torque and still be 
shifted. (4) Flow area through the 
sleeves of the Otis Sliding Side-Door is 
of ample size to permit desired fluid 
passage. 


Versions for Special Application 


The Type A Otis Sliding Side-Door 
with pump-out plugs and an expendable 
pressure shifting device provides addi- 
tional blowout protection and cuts 
completion costs. This version of the 
Otis Sliding Side-Door permits the tree 
to be nippled up and drillable packers 
to be tested before unloading the well 

Another version is the Otis Sliding 
Side-Door Cross-Over which is de- 
signed to provide complete zone 
isolation while changing or removing 
cross-over chokes in single-string, dual 
completions. 

All three Otis Sliding Side-Doors 
are available in a wide range of sizes - 
and all three Sliding Side-Doors are 
good examples of the cooperation of 
Otis’ Well Completion Specialists and 
Engineering Staff in assisting operators 
to meet today’s demand for economical 
well completion and production tools 
Literally thousands of production prob- 
lems have been solved by Otis over the 
past thirty years. Perhaps you are faced 
with a production problem Otis could 
help solve. If so, call your local Otis 
specialist today. For more information 
on Otis Sliding Side-Door equipment, 
call the Otis office nearest you or write 
Otis, Dept. E-1, P. O. Box 35206, 
Dallas 35, Texas. You'll find experi- 
enced Otis Well Completion Specialists 
ready to help you... anxious to serve 
you ...and with the widest variety of 
field proven production equipment and 
services available today. 


OTIS 
® 


FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS, SEE READER SERVICE CARD 





Electronic Brain Gave Union Tuffy. 


Now, The Maximum Safe Ton-Miles of Service 
Are Charted for Every Drilling Operation 


No more guesstimating! It took 462 charts and more 
than 600,000 calculations, but oilfield wire rope cut-off 
procedures are now scientifically based. 


Union Tuffy has it all figured for you. The IBM “705” 
electronic brain gave him the ton-mile charts that tell 
you the right time to cut the right length of rope. You 
can be sure of maximum safe service for any driliing 
operation, anywhere in the world. 
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Ma, New steels are 
born at 


In "52, Union originated the workable oilfield wire rope cut-off procedure that has saved the industry thousands of 
dollars and man-hours, prevented many costly fishing jobs. Now made all-inclusive by electronically computed charts 


118,360 Answers to Cut-off Procedures 


All the variables are taken into consideration—drum 
diameters, derrick heights, drill collar and pipe sizes, 
rope diameters, design factors, mud or air drilling, etc. 
It’s all charted, 118,360 answers. 


For you it’s all simple and easy. Out of the mass of fig- 
ures you work only from a few charts, maybe 5 or 6. 
From these it’s no trick to regulate the cut-offs for all 
your drilling operations. We'll send a fieldman with 
full instructions and the specific tables you need. 

Scientifically right, too, are Union Tuffy Standard 
Rotary Line, Union Tuffy Jackknife Rotary Line and 
Union Oil Well Servicing Ropes including record 
breaking Uni-Core® Sand Lines. Union quality, flex- 


ou e 


ibility and brute strength are fabricated into every 
powerful inch of them. 


For fast, on-schedule delivery call your Union oil 
field supply store. 


Person-to-Person Field Service 

We bring this new electronic engineering service right 
to you. Simply outline your drilling plans. This will 
enable us to select the exact charts your operation calls 
for and a trained Union fieldman will bring them to 
you. He will explain their use to you and your crew 
No extra charge for this service. Write Union Wire Rope, 
Armco Steel Corporation, 2106 Manchester Ave., Kansas 
City 26, Missouri. 


ARMCO Union Wire Rope 
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Diagrammatic sketch of full-scale 
separator hook up for well testing. 


Portable test separator Southwest 
Gas Production uses in tests. 


Simplified method for... 


EVALUATING WELL STREAMS 
FROM DRILL STEM TESTS 


System covers securing basic data from portable separator, translating 
it into workable form, then using results of simplified calculations 
in a useful, self-explanatory report for later processing plant feasibility studies 


R. F. COX, 


IT IS QUITE commonplace today to 
run extensive drill stem tests in evalu- 
ating the production potential of mul- 
tiple sands penetrated in a single well. 
In many instances, these tests are con- 
ducted after casing is set; a procedure 
which allows testing for sufficient 
lengths of time to flow the well under 
stable flow conditions. 

It is also common practice to use 
portable full scale separation equip- 
ment on these tests and on the final 


*This paper was presented by the author under 
the tit'e “A System For Proper Well Stream 
Evaluation” before the regional meeting of the 
Natural Gasoline Association in Lafayette, 
Loumiana, on February 24, 1961 
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Southwest Gos Producing Company, Inc., Monroe, Louisiana 


completion test prior to installation of 
permanent production facilities. The 
primary purpose of this equipment is 
to establish deliverability data, gas-oil 
and gas-condensate ratios, or both. 

Proper liaison and cooperation be- 
tween production or drilling personnel 
and the evaluation engineer, coupled 
with some planning prior to such test- 
ing, can result in the development of 
well stream evaluation data which can 
be of immeasurable value to all con- 
cerned. Further, it can be done at very 
little added cost to the usual testing 
expense, and certainly at less cost than 
at any subsequent time. 


Using Portable Separator 
Assuming that the portable separa- 
tion equipment is properly calibrated, 
it is only necessary to take samples of 
gas and hydrocarbon fluid for com- 
ponent analyses during the flow test to 
have the basic information necessary to 
develop the full well stream analysis. 
The methods and procedure referred 
to later assumes that the separation 
equipment is of the nominal full scale 
type wherein the entire flow from the 
well is handled through the equipment. 
However, small scale equipment can 
achieve comparable results, provided 
it is properly calibrated, and provided 
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OSCILLOGRAMS OF THE SATA CEMENT LOG 


seccases ~~ AQ) W sata cement Loc 


T = Single Receiver Time TRADE-MARK 


checks casing cement jobs 


Casing Velocity = 17.500'/s or 57 ps/ft 


UNCEMENTED CASING SIGNAL 
Both tracking pulses are logging strong casing 
signal. No cement bond to casing. Note casing 
velocity 


CEMENTED CASING 
Amplitude of casing signal-becomes very low. Both 
tracking pulses remain at casing velocity. Cement 
is well bonded to the casing. 


CEMENTED TO BOTH CASING AND FORMATION 
Amplitude tracking pulse remains at casing velocity 
and records very weak signal. Single receiver tracks 
stronger formation signal. Formation has lower 
velocity than casing 


CEMENTED CASING 

IN HIGH VELOCITY FORMATION 
Single receiver tracks strong formation signal which 
reaches receiver before casing energy, and the 
casing signal is overridden. A strong formation 
signal can only be received when good Acous- 
tic coupling exists between casing, cement, and 
formation 


7730 Scott Street Phone: Riverside 7-1 300 Houston, Texas 


0000 PGAC SUBSIDIARIES 


CANADA: Perforating Guns of Canada, Ltd. FRANCE: PGAC Sahara, S.R.L. ARGENTINA: Servicios eel Atlas, S. A 
VENEZUELA and BOLIVIA: Servicios Tecnicos Atlas, C. A. PANAMA: International Technical Services, S. A 
GERMANY: Atlas Deutsch-Amerikanische Olfelddienst, G.m.b.H. | UNITED STATES: PGAC Development Company 








BJ Submersible Pumps for Underground Cavern Storage... 











- I et ERE tn 


World’s Largest man-made 
cavern at Shell Oil Co's Wood 
River, Ill. refinery is now filled 
with butane. Five BJ Type M 
Submersibles are installed in this 
22,000,000 gallon cavern. 


The BJ Submersible Pump oper- 
4 ates within a sump in the bottom 
of the cavern floor insuring ade- 
quate NPSH. Inherently explo- 
sion-proof, the motor has its own 
self-contained lubrication. 





Underground cavern storage of Liquid Petroleum Gases different cavern installations using a total of 14 pumps. 


has not only proved practical, but economical (approxi- Sizes of these BJ Submersibles range from 4 to 16 stages, 


mately 20% of the cost of conventional surface storage). 


To meet the special requirements of this service, Byron 
Jackson has developed the Type “M” Submersible Pump. 
Using an oil filled, mechanically-sealed submersible 
motor, and a deep well bowl assembly designed especially 
for handling LPG, this pump has been proved in seven 


delivering from 40 to 800 gpm and rated at from 25 to 
200 horsepower. 


For a technical bulletin giving complete information on 
pump selection, installation and construction, plus a list 
of users, call or write BJ today! 


BYRON JACKSON PUMPS, INC. 


SUBSIDIARY OF BORG-WARNER CORPORATION 


P.O. Box 2017A, Terminal Annex, Los Angeles 54, California 








YOU SAVE WHEN YOU DO BUSINESS WITH 
CONTINENTAL- EMSCO 




















CONTINENTALSEMSCO 


UNIT 
PUMPERS 





BRAND X 











THIS SIMPLE 
DEMONSTRATION 


.. Makes it easy to see 

how C-E’s low LMF 

(Load Multiplication Factor) 
cuts your operating costs. 


See the two model units in the large photograph? 
The one on the right conforms to Continental- 
Emsco’s design principles. Note its taller samson 
post. See how its added height reduces the angle 
between the pitman and a true vertical line. 

The smaller this angle, the less is your Load 
Multiplication Factor. This means you're pulling 
more vertically and more efficiently, as you'll 

see in the following example: 


On the two models shown, a “well load” of 100 Ibs. 
is applied. With the C-E-type model, the wrist-pin 
load is only 102 Ibs. a 1.02 Load Multiplication 
Factor. On the brand “X” model, the wrist-pin 
load is 119 lbs. for a 1.19 LMF. Seventeen pounds 
difference. Not much? It represents 16.6° more 
loading than on the C-E-type model. 


To illustrate the advantages of good design, this 
demonstration is slightly exaggerated, to be 

sure .. but only slightly. Let’s examine the 

figures from typical full-size unit pumpers and 
see what the LMF actually can mean to you: 


On a 20,000 Ib. well, a Continental-Emsco 

unit pumper with its LMF of 1.06 at its maximum 
stroke will produce a wrist pin load of 

only 21,200 lbs. Consider a competitive make 
with a 1.21 LMF actually being sold today. 

Here the same well load is increased to 

24,200 lbs. at the wrist pin..a ton and a half 


greater. Imagine the extra wear on gears, 
the excessive peak loads on purchased electric 
power, and the undue strain on belts and bearings! 


Now you can see why so much time and effort 
went into the development of C-E’s unit pumper 
design ..to offer you the industry's lowest Load 
Multiplication Factor throughout the line. 


If you speak for your company’s management, 
engineering, or purchasing departments, you 
should investigate the many profit advantages you 
gain with Continental-Emsco unit pumpers. 
Make it a point to see your C-E representative 
or write direct. 





NOW 
LET’S TALK 


STRUCTURALS mm: 


In this unretouched double-exposure, you can see the advantages of 
Continental-Emsco’s triangular samson-post design. Here, a load is held 
solidly by C-E’s design, while a platform-type design buckles and flexes 
under the same load. The two units built of identical materials, are not 
scale models, but were constructed to demonstrate design principles. Here 
is a typical result of Continental-Emsco’s Research & Development pro- 
gram..continuing research into better methods of handling your well 
loads and power requirements with the utmost utilization of each pound 
of material. 


OTHER FEATURES THAT SPELL ADDED RELIABILITY 


FOUR-LEG TRIANGULAR CONSTRUCTION eliminates weaknesses caused by plat- 
form type samson-post design. 

SUPERIOR LUBRICATION. Oil troughs cast in reducer case make inspection easier 
and provide ample amounts of oil at all speeds in both directions of rotation. 
Structural bearing lubrication available as follows: (1) Standard, from safety 
ring and ladder (2) ground lubrication (3) prelubricated and sealed at the plant. 
BOLT-ON WRIST PIN HOUSINGS cut time for field assembly and stroke-length 
changes ..make them easier, too. Bolts assure accurate alignment. Pins are 


| PLUS WORLD-WIDE hydraulically removable. 


B-10 BEARING RATINGS are your assurance of longer bearing life. Another 
| SERVICE AND C-E “first.” 
SUPPLY STANDARD QD SHEAVES cut cost and save time, since they are lower in price 
Bae and readily available everywhere. 
hacked hy GROUND-LEVEL COUNTERWEIGHT ADJUSTMENTS make well balancing a simple, 
135 Stor eS quick, safe ..and profitable job. 
SERVICE BRAKE is a powerful, internally-expanding type and is located opposite 
and offices drive sheave for easier adjustment and repairs. 


VARIETY OF BASES AND SKID EXTENSIONS meets all prime-mover requirements 
and setting variations, 


CONTINENTAL-EMSCO 


Serving the Oi/ and Gas Industries . . Worldwide 




















CONTINENTAL-EMSCO COMPANY, o Division of The Youngstown Sheet and Tube Company, Genera! Offices: Dallas, Texo 
Export Division: 30 Rockefeller Plaza, New York, N.Y. @ Continental. Ems Company Limited, General Offices: Calgary, Alberta nad 


Continental-Emsco Company C. A., Caracas, Venezuela © Plants: Houston and Gorland, Texas; St. Albans, Herts, England © Representatives in All Principal Oil Fields of the World 


PRINTED IN U.S.A 











CUSHION This 


to Prevent Joint D 


Every time a joint is made up or broken out, 
you benefit from the simple, foolproof shock 
absorbing hydraulic action of the Web Wilson 
Hydra Hook that prevents damage to threads 
and shoulders. Another distinct advantage— 
Hydra Hook is the shortest on the market— 
the least expensive way to add feet and inches 
of working height. 

Economical operation and simple servicing 
are assured by these features: (1) Can be unit- 
ized or direct connected to all leading traveling 
blocks e (2) No load carrying threads—solid 
shank carries load e (3) 8 locked positions 
(12 in 450 ton) prevent rotation e (4) Less 
than 10 working parts e (5) Transported 
without draining oil e (6) Major internal 
parts enclosed in oil bath e (7) Parts are 
magnafiux inspected e (8) Large, staggered 


roller bearing, in oil bath for free swiveling 
(9) No seals in hydraulic reservoir to leak « 
(10) Latch cannot open with load applied. 

The WW Hydra Hook is another of the 
tools in the Baash-Ross line of “Matched Tools 
for Unmatched Performance” to speed opera- 
tions at reduced expense. 

See a Baash-Ross representative or the 
Composite Catalog for additional details. 


As >, our 422 vear 


DIVISION OF JOY MANUFACTURING CO. 


General Offices: Houston, Texas 


FOR FURTHER INFORMATION ON & 65 
DVERTISED PRODUCTS. SEE READER SERVICE CARD P 
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certain accessory equipment such as 
stinger loop and full stream flow meas- SOUTHWEST GAS PRODUCING COMPANY, INC 
urement equipment is installed. — 

With the foregoing separation and 
well stabilization conditions met, there 
are two principal prerequisite steps ‘a oe 
which are necessary to the orderly de- ‘s — 
velopment of the final data. a 1a. 6 inti 186.4 

First, the gas and liquid production Bet 6 — _——_— 
must be accurately measured under 
separator operating pressure and tem- 
perature conditions in order to estab- 
lish the ratio of separator residue gas to 
separator liquid. This is done by timing OFA FLUID _ "WATER RATE 
or counting the build up of fluid in a (9) eu. Casenanen 
calibrated vessel of approximately one 1) Fino ® 
barrel capacity for a number of times 
and averaging out the total. This figure, —_ va ee 
generally expressed in gallons per Qnoes Fivio (0) +100) 2.0620 enesen. | pases Weawen 0009-6983 
elapsed time, is then converted to gal- Se reac _NET CONDENSATE 
lons per day and the separator residue aS Se 3 a 
gas rate is calculated on an Mcef per ee 1260 | a> ee 
day basis. 

Any water which is produced is 
drawn off, measured and subtracted 
from the total fluid. From this, the gas- 
liquid ratio is determined expressed as 
gallons per MMcf. 

The second step is to secure repre- 
sentative samples of the separator resi- 
due gas and separator hydrocarbon 
fluid. A typical report showing the data 
accumulated in handy working form is 
shown in Fig. 1. FIG. |. Accumulating workable data from portable separation equipment. 


DATE OF TEST 


Gravity Base 290 . Lo 2 (4) Factor. 2200 
(0) Base Coer -Dany 


(6) FLOW Rare - MCF/Day (1) x CR) x CB) a CO) KCB) 


LIQUID MEASUREMENT 


(17) Ga a as ™ «ay (20) 42 


(18) Vou 
(22) Bows Caraciry 
(23) Fiasneo Vowume 


Fiasw Facrom (3). (B2) 





SOUTHWEST GAS PRODUCING COMPANY, INC 


CONDENSATE WELL STREAM RECOMBINATION 


WELL Knowles No. 











BASIS: IMM STANDARD CU. FT GAS (14 696 PSIA) AND 239 + Fe sALLONS CONDENSATE 


MOLS GAL < es3 ~+1330_ —iLId. SP. GR 


123 (MOL. WT) 


7 
J. FT/GA -1930 gee et -~x 316397 


SP. GR. Ce — Lm WT.) 


FAC 1977 MEAS VOLUME. 
FLASH FACTOR Bi, r MB VOLUME 





FIG. 2. Listing physical constant factors of well stream components shortens time to secure results. 


THE PETROLEUM ENGINEER, June, 1961 





For your 
water flooding conditions, 


which is best’? 
Bronze 

or 

Nickel Alloy 
Meter Parts 


You can have either metal in 
ROCKWELL “504” FIVE POINTER METERS 


For measuring the water input to your wells, which 
is best, bronze or nickel alloy meter parts? There’s 
no pat answer to this one—it depends on the anal- 
ysis of the water. Bronze is the ideal metal for 
most services, but where certain corrosive condi- 
tions exist, nickel alloy should be used. So, to meet 
all service needs, Rockwell offers you the option 


STRAIGHT READING 
NON-RESET 
REGISTER 


ENCLOSED 
GEAR TRAIN 


“0” RING 
STUFFING BOX 


BRONZE CASE ' ye 
RK) ® 2 
2000 PS! WORKING PRESSURE . 


1" CONNECTIONS 


HARO RUBBER 
NUTATING DISC 
MEASURING CHAMBER 
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of either bronze or nickel alloy in measuring cham- 
bers and in all cases, gear trains of nickel alloy. 

Another important advantage in Rockwell 
“504” Five Pointer meters is safety, since flooding 
pressures are going up! This meter is designed to 
operate accurately and reliably without leaks or 
failures at 2000 psi. 

To simplify installation, optional coupling sizes 
of %"’, 4%” or 1” are offered. For full specifica- 
tions write Dept. 123-F, Rockwell Manufactur- 
ing Company, Pittsburgh 8, Pa. Ask for bulletin 
OG-353. In Canada: Rockwell Manufacturing 
Company of Canada, Ltd., Guelph, Ontario. 


RS 


© 


WATER FLOODING METE 


another fine product by 


ROCKWELL 





FOR FURTHER INFORMATION ON 


B-67 


ADVERTISED PRODUCTS, SEE READER SERVICE CARD 





ENGINEERING 
DEVELOPMENTS 
IN BULK CEMENTING 


GIVE YOU ECONOMY THROUGH EFFICIENCY 








HALLIBURTON ENGINEERING developed bulk cementing equipment 


providing two major savings to the producer. 


First, this equipment has vastly increased the efficiency of handling the large 
volumes of cement required in today’s drilling. Second — and equally important 
— bulk cementing equipment makes it possible to effectively control the blending 
of cements and additives in advance of the job custom-matching the slurry to exact 
well requirements. This control has led the way to Halliburton’s development of 
special cements and additives — each designed to do a specific job better than 
ever before. 

Take advantage of Halliburton’s engineering teamwork in equipment design, 


material development, and job performance. It is backed by over three decades of 
experience in oilfields everywhere — and it is as near as your phone. 


SPECIAL CEMENTS 


custom blended to help 
solve these problems: 


GILSONITE CEMENT — provides an 
efficient method of reducing slurry density with- 
out sacrificing compressive strength. The 
excellent bridging characteristics of the small 
Gilsonite particles also help prevent cement 
circulation loss in thief zones. 


POZMIX CEMENT — Halliburton devel- 
oped Pozmix Cements by blending natural or 
artificial pozzolans with portland cement to 
produce a light weight slurry with excellent gun 
perforating qualities. Pozmix is economical, yet 
it provides corrosion resistance, low permeability, 
and improved pumpability. 


DIESEL OIL CEMENT (DOC)— The 
DOC slurry is designed to help shut off water in 
oil wells. Composed of portland cement, diesel oil 
or kerosene, and Halliburton’s DOC-3 chemical 
dispersant, the slurry will not set until contacted 
by water. When squeezed into the water bearing 
zone, DOC absorbs water and forms a hard, 
dense set. 


CEMENT ACCELERATOR 


effectively reduces 
waiting-on-cement time 


HA-S ACCELERATOR —Early 
strength of Pozmix, portland or high-early 
strength cement can be improved by the use of 
small quantities of HA-5, one of many Halliburton 
accelerators. 


CEMENT RETARDERS 


for better cementing 
in hot wells 


HR-7 RETARDER— This retarder has 
excellent dispersing qualities and is designed for 
use with high percentages of gel-cement. 


HR-12 SUPER RETARDER -— This 
retarder is for circulating temperatures even in 
excess of 400° F. and is compatible with all API 
Class D and E cements. The dispersing action of 
this retarder reduces the amount of water and 
Hi-Dense No. 2 needed for heavy weight slurries. 
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HALAD-9S LOW WATER LOSS 
ADDITIVES ADDITIVE — This new Halliburton product 


helps reduce premature slurry dehydration, re- 


for further customizing sulting in better primary and squeeze cementing 


operations. 


DIACEL "D* LIGHT WEIGHT CE- 


. . MENT ADDITIVE — Slurry yields can be 
SILICA FLOUR— For wells having tem- increased to reduce densities to 11.0 pounds per 


peratures in excess of 230°F., Silica Flour gallon with this field-proven additive. 


stabilizes a cementing composition against HI-DENSE NO.2 HEAVY WEIGHT 


strength retrogression and maintains low perme- ADDITIVE— This additive helps control high 
ahili¢’e P »f > waew : » . P wit Sz fe Ss co ol h 
ability. Provides very high strength cement at pressure oil and gas zones by increasing the 


elevated temperatures. slurry density of the cementing composition. 


cement s/urries 


Your Halliburton man has the full list of special cements and additives which 
can be custom blended to do your specific job. See him for more details. 


CEMENTING SERVICES 275 Service Centers... 
‘. PERE RIE TE, MR AMELLER 0 (oer ARS BOOST 
iS oes f ae pe 


= 


Halliburton 


COMPANY . OUNCAN. OKLAHOMA 
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SOUTHWEST GAS PRODUCING COMPANY, INC 
FULL SCALE SEPARATOR TEST REPORT 


OPERATOR 


Southwest Gas Producing Co., Ipc 


wel 


Knowles Bo. 17 


DATE OF TEST 12-30-60 


FRACTIONAL ANALYSES 











G. PM (GALLONS PER mor 


14.406 PS 


498 


1 .O87 


es 








SOUTHWEST GAS PRODUCING COMPANY, INC 


FIG, 3. Summary of calculations shows results of test. 


Analyzing Well Stream 

The samples of gas and liquid are 
then analyzed to determine component 
content of each. With the ratio data 
and component analyses to work with, 
it is now possible to recombine the gas 
and liquid streams by components to 
arrive at the well stream analysis. 

The physical constants published by 
the Natural Gasoline Association of 
America have made it possible to ac- 
complish this recombination without 
becoming involved in extensive calcula- 
tions. The recombination is done on a 
molal basis; and since it has been estab- 
lished by physical law that there are 
2635 mols in one million standard 
cubic feet cf any gas regardless of 
composition, this is made the anchor 
of the calculations. By applying the 
mol percentages of each component 
found in the separator residue gas by 
analysis of the factor of 2635, the num- 
ber of mols of each component is 
readily calculated. 

Next, the liquid volume analysis of 
the fluid is applied to number of gal- 
lons of fluid produced with the million 
cubic feet of gas as determined by the 
ratio test, and in this manner the gal- 
lons of each hydrocarbon component 


B-70 


in the fluid is found. Using factors from 
the table of physical constants giving 
the mols per gallon of fluid, the com- 
ponent mols represented by the fluid 
can be calculated. Following this step, 
the mols of like components in the gas 
and liquid are added together to deter- 
mine the total mols of each component 
in the well stream. It is then a simple 
matter to calculate the well stream mol 
percent by dividing the number of mols 
of each component by the total. 


After determining the well stream 
mol percent, the gal per min and spe- 
cific gravity can be calculated using the 
appropriate factors for each compon- 
ent. A suitable working form with the 
physical constant factors preprinted in 
is easily developed and shortens the 
time required to secure the final results. 
Such a form is shown in Fig. 2. 

For impure fractions represented by 
the hexanes and heavier components 
in the fluid portion of the well stream, 
the necessary physical constants can be 
calculated using the formulae shown at 
the bottom of Fig. 2. 

It should also be noted that provi- 
sion is made on this form for a method 
to calculate the critical temperature 
and pressure of the separator gas. 
These are used to determine the com- 
pressibility or Boyle’s Law deviation 
factor to be applied to the gas volume 
calculations shown as Item 5 at the 
top of Fig. 1. 


Results of Calculations 

The final results of all calculations 
can now be summarized and reported 
on a form such as that shown in Fig. 3. 
The results presented in this manner 
are thus useful and informative to the 
production engineer, the reservoir en- 
gineer and other personnel having need 
for completion well stream character- 
istic data. 

One great advantage to the system 
set forth here is that personnel with- 
out extensive technical training can be 
quickly taught to do the necessary 
calculations, once the basic data is 
assembled. 

The only added effort and expense 
required is the securing of the analyti- 
cal data and the calculations required 
to recombine the gas and liquid por- 
tions of the well stream. A _ policy 
adopting this procedure as standard 
practice when making well tests can be 
most beneficial to all parties who sub- 
sequently become involved through 
evaluation work. eek 








Richard F. Cox received his education at 
Louisiana State University and the Univer- 
sity of Oklahoma, graduating in chemical 
engineering. He was employed as a field en- 
gineer by Southwest Gas Producing Com- 
pany, Inc. in 1948 and subsequently served 
as a process engineer, district engineer, and 
chief engineer. In 1957 he was advanced to 
the position of general production superin- 
tendent and placed in charge of all drilling, 
production, 
company. He is active in several industry 
societies. 
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SPECIAL REPORT TO MANAGEMENT 








OTIS propuction NF WS 





Volume Il, Number 5 


Otis Engineering Corporation « Dallas 


Production Equipment and Service 





Otis-Engineered Dual Completion 
Saves Tubing Job 30 Days 
Following Initial Completion 


Otis S Nipples Used on Completion 
Postpone Tubing Job Indefinitely 


THOMPSON CREEK FIELD, 
MISS. — A well, dually-completed in 
this western Mississippi field, produced 
approximately 200 B.O.P.D. from each 
zone immediately following comple- 
tion. In less than 39 days the two zones 
had to be placed on pump due to a 
decrease in bottom-hole pressure. This 
change in production methods could 
have been expensive, however Otis 
specialists in the area had designed 
the completion to permit the operator 
to flow this well as long as economi- 
cally feasible, then put both zones on 
pump without pulling tubing. 


The well was completed using two 
packers, a dual and a single, a Type S 
Otis Landing Nipple and a Type A 
Otis Sliding Side-Door® in the long 
string between the two packers for 
plugging and circulating purposes, and 
two Type S Landing Nipples above 
the dual packer in both strings. (See 
schematic diagram). 


Economical conversion to artificial lift 
was accomplished by landing Otis Type S 
Pump Locators and Hold-Downs in the 
top S nipple of each string and install- 
ing the pumps. The completion is also 
designed to permit the locators and pump 
hold-downs to be reset by economical 
Otis wire line methods as the zones 
deplete. Resetting the pumps is accom- 
plished by pulling the pumps, retrieving 
the locators and hold-downs, changing 
seiective keys on the locators, and rerun- 
ning the tools to the lower nipples. 


By using Type S Otis Landing Nipples 
instead of regular A.P.I. pump seating 
nipples, the tubing remains full-opening 
to permit running through-tubing per- 
forating guns, bottom-hole pressure 
bombs, and other wire line service tools. 
Also, plug chokes and other Otis sub- 
surface flow control equipment may be 
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set in any of the S nipples should it 
become necessary. 

Type S Otis Landing Nipples are full- 
opening, selective-type, non-ported land- 
ing nipples designed to be made up in 
the tubing string upon initial completion 
or workover of a well to provide a posi- 
tive locating seat for landing subsurface 
flow control tools. Type S Otis Landing 
Nipples were first introduced to the 
petroleum industry in 1948 and represent 
a breakthrough to more efficient produc- 
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2” Type A 
Otis Sliding 
Side-Door 

10,050 


Pos. 1 —2 
S Nipple 
10,080 








tion of oil and gas wells through selective 
wire line methods. These nipples are 
designed to provide the following 
(1) positive locating recesses for sub- 
surface controls; (2) positive locking 
recesses for subsurface controls; (3) a 
honed surface for packing to permit sub- 
surface controls to withstand up to 10,000 
p.s.i. differentials, and (4) full-opening 
design with physical characteristics 
greater than that of N-80 tubing. As 
many as five Type S Otis Landing Nipples 
may be made up in a single string of 
tubing on standard installations. Type S 
Landing Nipples are available in 
1%4-inch through 4-inch sizes and in 
many materials with standard and pre- 
mium type threads. 


Key to the wide use and successful 
application of Type S Nipples is that all 
Otis subsurface flow controls designed to 
be used with the S nipples incorporate 
an exclusive feature in that the locking 
device must be moved downward before 
the fishing neck can be engaged. This 
feature is designed to prevent the pulling 
of subsurface controls if there is a pres 
sure differential across the tool adding 
to well safety in that this acts to prevent 
the tool from being blown up the hole 


Your Otis specialist is trained to rec 
ommend the proper use and location of 
Type S Landing Nipples. His knowledge 
of the production versatility available 
with Otis Selective Landing Nipples can 
be a great asset for efficient and economi 
cal initial completions or workover 
operations. Otis Completion Specialists 
have wide experience in their field and 
are backed by complete engineering and 
development facilities in Otis’ Dallas 
headquarters. For complete information 
on Otis Landing Nipples and Subsurface 
Production Equipment, call the Otis office 
nearest you or write Otis, Dept. 5-W, 
P.O. Box 35206, Dallas 35, Texas. You'll 
find experienced Otis Well Completion 
Specialists ready to help you... anxious 
to serve you... with the widest variety of 
field proven production equipment and 
services available today ©1961 O.EX« 


OTIS 


O]|s Corporation 


General Offices: 


Engineering 


6612 Denton Drive + Dallas, Texas 


FOR FURTHER INFORMATION ON 
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Baroid Field Report: 





Save completion dollars . - - 


stay on schedule W 


Jim Hogg County, Texas 


ith a Baroid Mud Program 





DURATONE®* oil-mud 
solves completion problem 


Recently a DURATONE-treated diesel oil 
fluid was used to successfully drill-in and open- 
hole complete a well in the shallow, water- 
sensitive Colorado sands in Jim Hogg County. 

Previous wells were difficult to complete and 
were low volume producers. The completion diffi- 
culty and poor production were attributed to for- 
mation damage by the filtrate from conventional 
water-base mud. 

The well, completed with DURATONE- 
treated diesel oil, was drilled to 2918 feet with 
an AQUAGEL**-water mud—5%% inch casing 
set and cemented — cement drilled-out and the 
fluid in the casing displaced with diesel oil. Five 
Ib/bbi of DURATONE was added through the 
hopper, as the diesel oil was circulated, followed 
by 10 volume percent water. API filtrate from 
this fluid was 10.1 ml of oil — no water. Twenty 


“TRADEMARK, BAROID DIVISION NATIONAL LEAD COMPANY 


feet of hole was drilled with the DURATONE- 
oil fluid and the well completed. Cost of the 
DURATONE was only $1.80 per barrel. No other 
materials were added. 

DURATONE is equally efficient in com- 
pounding completion oil fluids from either diesel 
oil or lease crude. 

DURATONE, another product of Baroid re- 
search and engineering, saves you drilling and 
completion dollars and keeps your drilling and 
completion program on schedule. For more in- 
formation on how the unique properties of 
DURATONE can benefit you, write for Product 


Data Sheet. 


CONTINUOUS 
RESEARCH 





**REGISTERED TRADEMARK, BAROIC DIVISION NATIONAL LEAD COMPANY 
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BAROID DIVISION NATIONAL LEAD COMPANY 
MAIN OFFICE: P. O. BOX 1675, HOUSTON 1, TEXAS 


BAROID— Still Pioneering Drilling Mud Research + Engineering « Marketing 


FOR FURTHER INFORMATION ON 
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ADVERTISED PRODUCTS, SEE READER SERVICE CARD 


COMPLETE 
SERVICE 
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GARDNER-DENVER 1100 DRAWWORKS—A NEW CONCEPT IN DRILLING RIG 


Unique in the oil quipment industr 


vy. Gardner Denver wa af 


obsolescence for older de ns in the field. From the ground ur 
part and detail selected give a balanced drilling rig that will of 
hardest drilling service One of a full line of Gardner-Denver 
feet, the 1100 fits programs in the 8,000 to 15,000 foot range. Rey 
features a new concept of torque/speed combinations that give m¢ 

Its short shaft and large bearing arrangement extends service life 


and auxiliary brake are integrally mounted on the main skid f 


DESIGN 

















MUD PUMPS 


\ 


22% ROTARY TABLE 


300-TON TRAVELING BLOCK 


300-TON SWIVEL 








RIG-MATCHED EQUIPMENT 
FROM CROWN BLOCKS TO PUMPS FOR THE 


GARDNER-DENVER DRAWWORKS 


Write for the 1100 brochure today! 








— sme 


-~ 








A NEW CONCEPT IN DRILLING EQUIPMENT DESIGN 





GARDNER-DENVER MAKES THE NEWS 


Important changes are now in progress 
in the drilling industry. As holes have 
become deeper and costs per foot 
drilled have continued to rise, opera- 
tors have become aware of the advan- 
tage in using equipment that has been 
engineered to work together as a bal- 
anced team for maximum speed and 
efficiency. It is only natural that the 
ultimate in operating economy and 
efficiency can be achieved when there 
is a single source for engineering, fab- 
rication and service of this equipment. 


Recognizing this need, Gardner-Den- 
ver, one of the largest manufacturers 
of mud pumps, air compressors and 
air drilling equipment, has now com- 
pleted a full line of oil drilling equip- 
ment for every depth well from 4,000 
to 30,000 feet. 


Unique in the drilling equipment in- 
dustry, Gardner-Denver equipment de- 
signs were not limited by existing 
equipment and tooling. Without fear 
of obsoleting existing stocks, Gardner- 
Denver engineers directed their efforts 
to producing the most advanced equip- 
ment that could be built . . . to develop- 
ing new concepts of torque/speed com- 
binations that would give more usable 
horsepower and lower maintenance 
costs. 


Typical of these new Gardner-Denver 
drawworks designs is the Gardner- 
Denver 1100, a 1,100 horsepower drill- 
ing unit for depths to 15,000 feet. 
Similar in basic design to the larger 
Gardner-Denver 2100 and 1500 draw- 
works, the Gardner-Denver 1100 is 
built around a single package, side 
skidded drawworks. All controls, trans- 
mission, auxiliary brake and draw- 
works are mounted on the main skid. 
This integral arrangement offers many 
time saving advantages, including 
faster rig-up and moving, positive 
alignment of transmission and perma- 
nently mounted control panel. 


Rugged Drawworks Construction 
Heavy steel plate, doubled at bearing 
centers for extra rigidity, is used for the 
drawworks housing. A continuous ring 
of steel plate is welded around shaft 
openings to eliminate distortion of the 
side plates. This feature greatly in- 
creases bearing life. Engineering of 
sprockets, ratios and bearings has been 
unitized to produce a balanced torque/ 
speed combination that lengthens chain 
and bearing life. 


Short Shaft Transmission 
Hi and lo main drum clutches give the 
driller a selection of eight hoisting 


speeds and a reverse. The transmission 
is ratioed in four speed increases 
Equalization of the speed increases has 
produced a smooth progression over 
the entire range. 

Short shafts and bearing centers are an 
outstanding point of the transmission 
design. 


Tension Bar Equalized Brakes 


Extra braking power through 330 de- 
gree wrap brakes make the Gardner- 
Denver 1100 an easy-to-handle rig that 
will stop the heaviest load with pre- 
cision. A tension bar equalizes both 
brakes for a balanced pressure on the 
rims. A centralized lubrication panel 
supplies lubricant to all brake linkage 


The driller can control the water level 
within the hydromatic brake without 
leaving his station. An indicator gauge 
and control valve are mounted on the 
console. 

Matching compounds for 
three engines in both stair-step and in- 
line arrangements are available for the 
Gardner-Denver 1100. 

A brochure covering each drawworks 
and companion equipment is available 
on the full Gardner-Denver line. Stop 
in at your nearest supply store or write 
direct for your copy. 


two and 





Gardner-Denver has great faith in the future of the petroleum industry and the men who have 
made it one of our nation’s most important assets. This confidence is expressed by the 

recent expansion of its Petroleum Division to include the manufacture of a complete line of 
drilling equipment: drawworks, rotary tables, swivels and blocks. To assure 

you of the finest equipment, Gardner-Denver has invested in new tools, plants and 

obtained the services of the industry's outstanding engineers. All of us at Gardner-Denver are 
looking forward to serving you through our expanded Petroleum Equipment Division. 
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API STANDARDIZES 
FRACTURING EQUIPMENT TESTS 


New Recommended Practice establishes methods for rating 
and reporting hydraulic fracturing equipment performance 


THE AMERICAN PETROLEUM 
INSTITUTE has published its Recom- 
mended Practice, API RP 41, entitled 
“Standard Procedure for Presenting 
Performance Data on Hydraulic Frac- 
turing Equipment.” The recommenda- 
tion seeks to establish a sorely-needed 
standard method for testing and rating 
pumping equipment used for hydraulic 
formation fracturing. 

The recommended practice was 
developed by a task group of the Sub- 
committee on Fracturing Fluids which 
was Organized as a subcommittee of 
the Southern District Committee on 
Production Practice. The task group 
was composed of R. J. Bethancourt, 
chairman, Sun Oil Company; E. J. 
Echols, Dowell, Inc.; John Guest, Hal- 
liburton Company; C. H. Rose, BJ 
Service, Inc.; and Grady Slagle, The 
Western Company. 


Scope of API RP 41 

The scope of the new recommended 
practice includes the procedure for 
measuring, reporting, and certifying 
the hydraulic-horsepower rating of 
pumping units for fracturing services, 
regardless of components such as 
engines, transmission, and fracturing 
pumps. It also establishes an API stand- 
ard graph paper for reporting test re- 
sults. 

Preparation of engine, drive train, 
fracturing pump, and pump suction 
pressurizer system is also specified in 
the recommendation. 


Measuring Equipment 

Since the end result of these perform- 
ance tests is a plot of pressure vs flow 
rate, accurate measurement of all vari- 
ables involved is extremely important. 
Therefore, the recommended practice 
specifies closely the operation and cali- 
bration of all measuring equipment 
used in the tests. 


Volume measuring system. Either of 


two methods can be used to determine 
the volume of water pumped by the 
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pumping unit under test. The batch- 
volume method uses a calibrated tank 
to determine either the volume pumped 
in a fixed time or the time required to 
pump a fixed volume. If fluid is 
pumped from the tank, the system is 
termed “inlet flow system.” If the cali- 
brated tank receives the pumped fluid, 
the system is termed “discharge flow 
system.” 

The second volume measuring sys- 
tem utilizes a direct-indicating flow 
meter to provide the flow-rate reading. 
This method eliminates the necessity 
of using a calibrated tank and does not 
require the precise timing of the batch- 
volume method. 


Pressure measurements. Pump dis- 
charge pressure and pump suction pres- 
sure are vital to these tests. Discharge 
pressures are measured throughout the 
test run with a recording-type gage. 
Suction pressures are indicated on a 
direct-reading gage which must show 
both positive and negative pressures, 
depending upon whether a pressurizer 
is utilized. 

Barometric pressure at the time of 
the test must also be measured. This 
information along with temperature 
readings, is used to calculate actual 
hydraulic-horsepower rating of the 
pumping unit under test. 


Test Procedure 

Before any run is made, the equip- 
ment is operated until engine and lub- 
ricant temperatures are stabilized. The 
gear split to be tested is then selected, 
the throttle is set at maximum power 
position, and the discharge pressure is 
adjusted. 

The discharge pressure level deter- 
mines the three test points which are 
specified as a minimum for each gear 
split. In the case of equipment with 
straight transmission and torque con- 
verter lockup drives, these three test 
points are to be taken at or near: (1) 
the maximum volume to be published 
on the curve sheet for the gear split; 


(2) the minimum volume to be pub- 
lished on the curve sheet; and (3) the 
maximum power output. In equipment 
with hydraulic drive, the test points are 
to be at: (1) the lowest speed ratio and 
(2) the highest speed ratio of the tor- 
que converter where continuous opera- 
tion of the torque converter can be 
maintained, and (3) the maximum 
power output point. If the torque 
converter employs a coupling range 
feature, the second point is to be taken 
at the maximum volume to be pub- 
lished on the curve sheet for the gear 
split. 

Additional test points as required 
to accurately describe the shape and 
characteristics of the curve should be 
taken. 


Performance Curves 

Final results of the tests are presented 
as performance curves describing the 
hydraulic-horsepower output of the 
pumping unit. Actual curves are plots 
of pressure vs flow rates which all com- 
ponents (engine, drive train, pumps, 
cooling systems, etc.) can deliver con- 
tinuously for at least one hour under 
typical field conditions. 

The recommendation specifies graph 
paper, API Form No. 41-1, on which 
the curves are to be plotted. The 11-in. 
by 16-in. graph has log-log coordi- 
nates with the abscissa labeled “Flow 
Rate — bbl per min” (range: 1 to 150 
bbl) and the ordinate labeled “Pres- 
sure — psi” (range: 500 to 15,000 
psi). In addition to the curves, the form 
bears the following information: name 
of service company; name of unit; type, 
make, and number of engines per unit; 
type and make of drive train; fractur- 
ing pump data; date; pressurized or 
non-pressurized suction, with operat- 
ing pressure; signature and title of per- 
son certifying the tests. 

Copies of API RP 41 are available 
at 50 cents per copy from the Amer- 
ican Petroleum Institute, Division of 
Production, 300 Corrigan Tower, 
Dallas, Texas. xe 
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FROM HALLIBURTON) 


FRACPLAN Successes 
Across the Oil Country 


Acid failed to help: A FRACPLAN 
Did! 

Lea County, N. M, — After acidizing failed to 
improve production of this newly completed oil 
well, the operator consulted with Halliburton 
who recommended a FRACPLAN. Treatment 
at approximately 5,000 ft. consisted of fractur- 
ing with 525 lbs. of low fluid loss additives 
which were premixed with 21,000 gal. of crude. 
Walnut hulls were used as propping agent. After 
treating, the well was swabbed in, showing a 
potential of 114 BOPD on a 24/64” choke with 
pressures of 160 psi tubing and 475 psi casing. 


No Treatment Worked— Until 
FRACPLAN 

Ontario, Canada— A FRACPLAN resulted 
in successful fracturing jobs in the onshore 
Clinton formation in this province where all 
earlier stimulation efforts were reported to have 
failed. Here are typical results: 


Well No Before FRACPLAN After FRACPLAN 
1 160,000 cu. ft./day 710,000 cu. ft./day 
2 24,000 cu. ft./day 400,000 cu. ft./day 
3 33,000 cu. ft./day 56,000 cu. ft./day 
This operator has scheduled eighteen more welis 
for FRACPLAN treatments following these 
impressive production improvements, 


Well Production Equal to Ten 
Offsets 


TXL Field, West Texas—This well potentialed 
350 BOPD after a Halliburton FRACPLAN 
recommendation was followed consisting of 
15,000 gal. of treating fluid (Acidfrac), 10-20 
sand and 12-20 walnut hulls. This compared 
with 30 to 40 BOPD averaged by offset pump- 
ing wells — and the FRACPLAN well after 4 
months was capable of flowing at the rate of 
320 BOPD! Halliburton’s Acidfrac operation 
ran perfectly in a difficult-to-treat Devonian 
middle lime formation at 7,900 ft. The operator 
reports an increase in his drilling program 
is being considered after these excellent 
FRACPLAN results. 


A FRACPLAN Yields 500% Gas 
Production Increase 

Mesa County, Colo.— By following a 
FRACPLAN this 900,000 cu. ft. per day well 
was turned into a 5,650,000 cu. ft. per day pro- 
ducer. Treatment consisted of 1,000 gal. of 
15% MCA acid, jumping production to 
1,800,000 cu. ft. per day. This was followed 
by a 21,200 gal. fracturing treatment (No. 2 
diesel oil with Halliburton FL-2) including 
5,500 Ib. 20-40 sand and 625 Ib. 12-20 rounded 
walnut hulls. 


GET THE MOST FROM YOUR FRACTURING DOLLAR. A Halliburton FRACPLAN is 
designed to provide the best combination of fluids, propping agents, pumping equipment, and skilled 
personnel — and only Halliburton has it. Call today, 


FRACTURING SERVICES 


Halliburton 


COMPANY UNCAN OKLAHOMA 





SIMPLIFY TREE CONSTRUCTION... AT LOWER COST 
W-K-M Cross Type Multiple Completion Gate Valves 


These compact multiple gate valves cost less than W-K-M Cross Type Gate Valves are available for dual, 
equivalent components and provide all of the service- triple and quadruple completions. Specify W-K-M — 
proved features of regular W-K-M “Gate Valves such at leading supply stores everywhere. Write for Cata- 
as non-lubricated operation, Teflon* seat inserts for log 200. W-K-M Division of ACF Industries, Inc. 
double-tight sealing, and parallel expanding gates P. O. Box 2117, Houston, Texas. 

for a positive up and downstream seal. *DuPont’s tetrafluorethylene resin 


When So Much Depends on a Valve... Specify W-K-M. 
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ACF INDUSTRIES 
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NEW TEAM BOOSTS GAS TURBINES 


Mission Manufacturing packages AiResearch 
turbines for oil field service 
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GAS TURBINE POWER has long 
been considered an ideal source of 
power for many routine oil field jobs. 
Now, packaged gas turbine units are 
designed specifically for the oil field as 
the result of the teaming of Mission 
Manufacturing Company, Houston, 
and AiResearch Manufacturing Com- 
pany, a subsidiary of the Garrett Corp.. 
Los Angeles. 

AiResearch, world’s largest manu- 
facturer of gas turbines, will supply 
the basic units to Mission who will 
package, sell, and service the turbines. 


Three Packages 

The companies recently introduced 
the turbines by demonstrating three 
basic packages in Houston. One unit 
is designed to provide simple shaft 
power for oil field services and has ap- 
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plication wherever conventional en- 
gines are now used. 

A second package delivers a combi- 
nation of shaft power and compressed 
air. The manufacturers see several ap- 
plications for this unit in the oil field. 

Another unit is basically an air com- 
pressor and delivers no shaft power. 
Its primary application is seen to be in 
air drilling and internal pipeline clean- 
ing. 


Light-Weight Power 

Primary advantage of gas turbines is 
their ability to deliver high horsepower 
and air pressure from a relatively light- 





weight package. The power package | 


demonstrated by the 
was a 160-hp unit which weighed only 
190 Ib, or less than 1.2 Ib per hp. In 
addition, the turbines can be operated 
on a wide range of fuels from natural 
gas to heavy heating oils. 





ACIDIZE WITHOUT CORROSION 


...is the claim made by Halliburton 
Company for its new Multiple Service 
Acid. The company states that the acid 
solution is as much as 945 times less 
corrosive than hydrochloric acid. Field 
tests of the acid, descended from the 
organic acids, have shown marked sav- 
ings in rig time when used as a com- 
pletion and perforating fluid. It also 
removes downhole scale without dam- 
aging tubing, pump, and rods left in 
place. 
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Chrome-plated plungers and other 


manufacturers | 





parts of downhole pumps, especially | 


susceptible to attack by hydrochloric 
acid, are 
MSA. In one field test, the acid was 
pumped down the casing without pull- 
ing rods, tubing, or pump. After treat- 
ment, the well’s own pump was used 
to remove the spent acid. Subsequent 
inspection of the chrome-plated parts 
showed no corrosion damage. 


FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS. SEE READER SERVICE CARD 








practically unaffected by | 


W-K-M 
Multiple-Completion 


Valves 


W-K-M Multiple-Completion Valves 
are built with Teflon seat inserts 
for dead-tight sealing, pressure- 
seal bonnets, superfinished stems 
equipped with roller bearings, and 
sealing surfaces protected from 
the flow. 


Sizes: 134” and 2” 
Working pressures: 2000, 3000, 
and 5000 Ibs. 











W-K-M DIVISION 





ACF INDUSTRIES 
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In elongated anticlinal reservoirs... 


Do Affect Ultimate Recovery 


DR. BOBBY L. LANDRUM* and DR. PAUL B. CRAWFORD 
Texas Petroleum Research Committee, A. and M. Division, College Station, Texas 


SMALL FRACTURES in wells lo- 
cated symmetrically along the major 
axis of an elongated anticlinal reservoir mil — “—— J 
increase considerably the conductivity, AVERAGE RESERVOIR LENGTH " ‘op * |! 
yet do not change appreciably the 
pattern volumetric efficiency. Large 
fractures produce much larger con- 
ductivities, but decrease the volumetric 
efficiency. These observations are the 
results of conductivity and potentio- 
metric studies to determine the effect t Pal y 
of horizontal fractures on production ss CEE 
capacity and the volume displaced in EZ 
waterflooding or gas cycling. . 
When wells on an anticlinal reser- 
voir are fractured such that the frac- 
ture radii are less than 0.036 times the 
average reservoir length, little or no 
decrease in the volumetric sweep ef- 
ficiency may be expected. In wells 
where the fracture radii are equal to 0| 
about 0.07 times the average length, 
the volumetric sweep efficiency de- 
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creases by as much as 15% compared FIG. |. Effect of well size and position on conductivity of an elongated anticlinal reservoir. 


to the unfractured sweep efficiency. 
The amount of the decrease will de- 
pend upon the well’s position in the 
anticlinal reservoir. 3. 50f 
Two wells were studied, and in each 
case it was assumed that the fractures 
were circular and positioned in the 
center of the pay section. Horizontal 
fractures do have a definite effect upon 
the time variation of the fractional 
composition of wet gas or oil in the & WELL DISPLACEMENT 
flow stream after breakthrough for a Mn AVG. RESERVOIR LENGTH ; 
cycling operation or waterflood pro-  : PEXTRAPOLATED VALUES 
gram. And, it is suggested that studies : FRACTURES SYMMETRICALLY A nz 
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be made to estimate the nature and E SO NFRACTURED. WE . Sa 
size of these fractures as accurately as REAMED WEL e.. at LE 
possible prior to initiating water flood- 
ing or gas cycling. This will help to meee 
insure that the largest practical swept : = Ta: 
areas are achieved and that channeling nei - - 
be held to a minimum. cea rane para 
In applying the results given, the , ~~ -_ 
reader should give careful considera- ee “Tr aig 
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~ Ppesent address: Weleht Patterson Air Pores FIG. 2. Effect of well size and position on conductivity 
Base, Ohio of an elongated anticline (weils reamed and fractured). 


B-80 THE PETROLEUM ENGINEER, June, 196] 





WHEN YOU BUY BLOWOUT PREVENTERS 


GE ShMAAEE SWING OAR 
[DaN ann WMESTEW 00 /T SIMPLIFIES RAM CHANGES! 





THE “SWING-OPEN” DOORS IN SHAFFER UNITS 
... assure quick, easy access to the ram compartments when- 
ever desired. Moreover, with Shaffer design it is not necessary 
to break hydraulic lines to open the gates ...no fluid is lost... 
and there’s no risk of inadvertently leaving a line “open” (or 
not properly re-connecting the fittings). 
Simply unbolt and swing open the doors. Change rams. 
Close nl bolt the doors shut ae. It’s that ‘naea SHAEVER TUE HNP AOSD THE WWS REVEREND COATUEE 
: : END-OPENING DOORS FOR RAM CHANGES 
And the safety and convenience of “Swing-Open” door de- — 
sign is just one of the many “plus” advantages built into every 
Shaffer Blowout Preventer!* ¥ OTHER SALIENT SHAFFER ADVANTAGES 
m Positive ‘In-Line’ . and still others 
Power Drive! your Shaffer 


| 

| 

THERE’S A SHAFFER BLOWOUT PREVENTER Space-Saving Compactness! | representative 

FOR YOUR PARTICULAR REQUIREMENT! Self-Cleaning Ram | will gladly 
Compartments! | explain to you! 

TYPE B AND TYPE E PREVENTERS are the units selected for Completely Enclosed 

most drilling applications. Type B has non-rising Locking Constenation| 

Shafts for maximum compactness... Type E has rising Lock- “Floating” Ram Design! JE. dll 

ing Shafts for quick indication of ram position. pga 


LEADERSHIP 
TYPE XHP PREVENTERS are ideal where extra-high well pres- 
sures are a problem. Each XHP unit is individually tested to 


15,000 PSI Working Pressure in 7'16” Bore Size...to 10,000 
PSI Working Pressure in 9” and 11” Bore Sizes. 

TYPE LWS PREVENTERS combine lightweight with adequate 
pressure rating for a wide range of applications. LWS units 


weigh approximately half as much as other Preventers of 
comparable size! wrcn PRESSURE DRILLING Aes 
The above Preventers (except Type XHP) are available CALIFORNIA EM tro oe Nov vigation 
in choice of Double units (two Preventers unitized into one eae 
compact body for maximum space-saving) —or Single units. 
See your nearest Shaffer representative for complete details. 
Or write direct! 
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FIG. 3. Effect of well position on conductivity of a fractured 
elongated anticline. 
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FRACTURES SYMMETRICALLY 


1300ft 049 
2600ft 043 
520 Oft 039 


2000 ft 
4000ft 
3 8000 ft 


FIG. 5. lsopachous map of elongated anticlinal reservoir. 


tion to the assumptions made in model 
studies of this type. 


Reservoir Analog and 
Assumptions 

A waxed wooden model elliptical in 
shape as shown in the inset of Fig. | 
and Fig. 5 was used. It is analogus 
to an inverted anticlinal reservoir. 
Usually, it is desirable to invert the 
model in the laboratory to study the 
stream lines and isopotentials. 

The model was 17 in. long by 1.5 
in. deep at its thickest point. A dilute 
salt solution represented the resistive 
homogeneous medium. Wells were rep- 
resented by small copper wires and 
fractures were simulated by thin cop- 
per disks shaped and scaled to corre- 
spond to the size of the model. One 
and 2-in. diameter fractures were used. 
For a reservoir 1700 ft long these 
would correspond to fractures of 100 
and 200 ft diameters. 


COND. 6" WELL 





10 | 
FRACTURE RADIUS IN FEET 


Effect of circular horizontal fractures on elongated reservoirs. 


FIG. 6. Dry gas position in unfractured anticlinal reservoir showing 
location of gas-oil or water-oil interface for various times. 
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Potentiometric model applications in 
a study of this kind assume that the 
reservoir is a uniform homogeneous 
media; steady-state condition exist in 
the reservoir; the mobility ratio is 1, 
and gravity effects are neglected. Con- 


_ SCALE: I"=3" 
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FIG. 7. Flooding pattern (approximate) which might be expected 
when well separation divided by reservoir length equals about 0.82. 
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It’s Smaller... 


It’s Better BECAUSE OF GRAYLOC 
a See a Oe ee 


With only two bolts per connection, there’s no 


simpler connection to assemble—and because Grayloc® 
connections require less space, the complete assembly 
is smaller. Yet for all its simplicity and compactness, 
Grayloc Wellhead Assemblies have been used on the 
highest pressure wells thus far discovered. 

Grayloc connected assemblies are faster and easier 
to install, weigh less and are less expensive than equally 


rated flanged assemblies. They resist vibration and retain 
a tight seal after original assembly without further 
attention. 

A Gray representative will be glad to show you 
how much better Grayloc connected wellhead assemblies 
can work for you. Write today for additional informa- 
tion and the Gray catalog 


Y GRAY 3 Tool Company 


6103 P.O.BOX 2291 
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From “Spudding In” to “Bringing In”... 
J&L Tubular Products Help Cut Running Time 


You see a lot of J&L pipe in the oil country. It's ring. And the heavy, square threads take the strain 
specified by top operators who know J&L quality of make-up many times without impairing the seal 
and want to save themselves time and trouble. On severe, variable drilling operations, J&L But- 
tress Thread casing gives you joints as strong as 
the pipe itself. You can put more casing in the 
hole faster with Buttress Thread casing. You get 
easier stabbing and rapid spinning, and use fewer 
power strokes to tighten the coupling 


Take Drill Pipe, for example. Nearly all your deep 
hole drilling records have been set with J&L drill 
pipe. You have grades D, E, Blue Ribbon, and 
Blue Ribbon Vanadium to choose from. Ends are 
upset and finished to accommodate flash-weld and 


Look over some rigs where they're using 
shrink-type tool joints. : gs where they're using J&l 


a ; ; : J&L has invested millions in the finest pipe-making 
&L Grayloc” Tubing is another example. It's held equipment known. J&L has a quality control pro- 
the highest well pressures anyone's hit so far. The gram as exacting as any in the whole industry. Ask 
Grayloc joints are sealed tight by an independent your J&L salesman to prove it he'll be glad to 


Grayloc® manufactured under ense from Gray 1 npa 
Houston, Texa 
“Extreme Line pr 


ympany 


Jones & Laughlin Steel Corporation 


3 GATEWAY CENTER 
PITTSBURGH 3O, PENNSYLVANIA 


Sun Oil Company knows that J&L Grayloc*® Tubing provides positive J&L Extreme Line* casing provides © 

leak resistance at high pressures. J&L Grayloc Tubing can be run mum joint strength and aliows up t 

again and again. The tubing joint has an independent sealing ring higher running speeds than for conven 

that will hold against the highest well pressures yet encountered tional APi T&C casing in the same size 
and range length 


€ 





At Bell Isie Corporation No. 43 well, southwest of Morgan City, La 
Sun Oil used 5,813 feet of J&L Buttress Thread casing in the top 

sections of the 958” casing. “The high strength of J&L Buttress 

Thread casing was used so a much longer and heavier intermediate 

string uld be run the drilling superintendent reported 





Three good ways to 
cut drilling costs 








The three units shown here are important items behind the re- 
cent revolution in drilling fluids that has done so much to speed 
drilling and cut costs. Each is designed for a different problem 
but all are efficient and economical. Equally important, all are 


handled by SWACO -- the leader in mud -treating equipment. 

















SWACO D-GASSER® 


Operators frequently report saving the 
entire rental cost of a D-Gasser on a 
well in less than a day. 

When mud is gas-cut, the D-Gasser 
saves money in many ways. It cuts 
time lost for circulating after trips. It 
reduces barite costs, it minimizes lost 
circulation costs and problems. It 
maintains mud pump efficiency and 
it actually makes possible the close 
control of mud weight and viscosity 
that results in faster drilling with in- 
creased safety. 


CLAYJECTOR® 


If you are using mud as heavy as 12 
pounds per gallon, you can cut mud 
costs and increase drilling rate by using 
a Clayjector. This is a cyclone-type 
separation unit that is extremely effec- 
tive at rejecting unwanted clays and 
retaining expensive barite. 

In addition, since it makes possible the 
economical maintenance of a_ low- 
solids, low-viscosity mud, it actually 
permits a reduction in bit costs and 
drilling time. 


D-SANDER® 


The D-Sander greatly increases the life 
of mud pump parts and bits when 
sand or abrasive shale is being drilled. 
Since it removes virtually all sand- 
sized solids from the mud, excessive 
pump-parts and bit-nozzle wear — as 
well as many other problems — are 
avoided when a D-Sander is used. 
There is a size and type to fit every rig 
and drilling condition. 


These descriptions tell just a few of the many ways you can cut costs by mechanical mud treating. For the 
full story on how you can profit, call your nearest SWACO representative or write us direct. 


Ss WA CS >> 


SALT WATER CONTROL, INC. 
717 FORT WORTH NATIONAL BANK BLDG., FORT WORTH 2, TEXAS 
Telephone: EDison 2-4433 Cable Address: “SWACO” Fort Worth 


LOUISIANA: New Orleans, Lafayette 
OKLAHOMA: Oklahoma City 


TEXAS: Houston, Corpus Christi, Fort Worth, Kermit 
COLORADO: Durango 
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meEGAS ENGINES 
LIN are advanced, dependable, and 
proven in Oil Field Service. 
In-line 6, V-8, or V-12 cyls.—up to 706 hp. 





HEAVY DUTY... 
LONG LIFE 


A look inside these en- 
gines reveals the rugged 
construction that can be 


relied upon for depend- 
Internally ribbed crankcase gives solid crank- 


able service. shaft support. Extra rear main bearing absorbs 
side thrust. 


large diameter, short in length, the rugged 
counterbalanced crankshaft handles power with- 
out vibration. it has generous bearing creas. 


eeeeeeeeeeeoeoeeeceeeeeeeeee 


MORE POWER eee 
BETTER ECONOMY 


These ROILINE engines 
are modern, powerful, 
economical — designed 


throughout for gas 
The “Easy Flow” manifold design provides per- 


operation. fect fuel and air distribution to all cylinders 
through large individual intake ports. 


/ fy. 


Aluminum pistons are taper com ground. Full 
floating piston pins. Connecting rods hove big 
weor-resisting replaceable bearings. 


eeeeeeeeeoceeeeeoeeeeeeeeeeee 


EASY MAINTENANCE... 
QUICKLY SERVICED 


All wearing parts have 
replaceable bearing sur- 
faces. All routine mainte- 
nance points are readily 
Cylinder heads can be removed by one man 


without disturbing manifold, carburetor, or con- 
trols. Note guided valve mechanism. 


° long weoring cylinder sleeves are easily re- 
accessible. placed and cost far less than reboring cylinder 
block and installing oversize parts. 


SMOOTH— QUIET... 
CLEAN—COOL 


Benefits from newest de- 
sign features mean more 
comfortable operating 
conditions and easier 
maintenance. Hydraulic “Zero-Lash” lifters eliminate noise and 


: , adjustments and extend valve life. Engines are 
505 Write for literature practically vibration-free. 


Exhoust manifold is wa'er cooled and integrally 
cast into the crankcase to provide cooler oper- 
ating crea and fost warm-up of the engine 


= 


WAUKESHA MOTOR COMPANY, WAUKESHA, WISCONSIN / ae —— a — ta _ Ragen 
a es: avkes le sconsin nton, we 
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THE gy, 











has developed 
and perfected ipstocks for 
EVERY well d 


Any time you 
drilling cour. 

















provide the safest, most dependable, and 
simplest solution to well deflection; they are 
available for all casing sizes. 

Be ready. Send for your copy of the complete 
brochure on Bowen Whipstocks today. 


1 To set in casing: 


Types A and H (Type H has pilot lug) 
Trip can be set at any collar or on bottom 
For open hole: 

Type C 

Cemented in place on bottom or used with 
tail pipe 

To anchor in liner or casing stub: 

Type L For setting in a liner 

TYPEA TYPEH TYPEC TYPEL TYPES Type S ; 

For setting in a casing stub — after cas- 
ing has been milled 




















a 1 v4 2 _ 3 v4 








Available from your service company domestically; 
Sold through supply stores for export 


BOWEN ITCO, INC. BOWEN 


P. O. Box 4587 
Houston 13, Texas, U.S.A. 
Cable Address: ITCO 
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NOW! TWO 








JET NOTCHING TOOLS 








McCULLOUGH FRAC-NOTCH CUTTER 


AND NEW TRIPLE FRAC-NOTCH CUTTER 


McCullough’s new Triple Frac-Notch Cutter, com- 
panion tool to the widely used Frac-Notch Cutter, is 
gaining extra production for operators wherever 
hydraulic fracturing is required for well completion 
or stimulation. 

Where the Frac-Notch Cutter produces a full circle, 
horizontal notch around the well bore, the new Triple 
Frac-Notch Cutter makes three separate notch cuts 
simultaneously at the same depth in the well, on a 
single run. Each notch cuts through casing and cement 
and cuts and fractures as much as 15” into the for- 
mation. A segment of uncut casing is left between each 
notch. When hydraulic pressure is applied the forma- 
tion is fractured between each notch, giving the effect 
of full-circle fracturing. 

The McCullough notching process is the most 
effective of all single-point entry methods of fracture 
initiation. The enormous power of the cutting process 
notches into the formation and also fractures the for- 
mation for some distance beyond the face of the actual 
cut. Thus, lower hydraulic fracturing pressure is 
required for initial breakdown, a greater area of for- 
mation is more effectively fractured and the flow 
capacity of the treated formation is greatly increased. 
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Check with your nearest McCullough Service 
Location! This process can gain you substantial 
production increases. 


Sizes available for: 43”, 4%’, 5”, 58’, SX”, 6%” and 7” 
OD casing. (The Frac-Notch Cutter is also available 
for 2”, 24”, 3” and 3%” tubing.) 


REQUIRES LESS 
RIG TIME 


ACCURATE PLACEMENT 
OF NOTCH 


VERY ECONOMICAL 


UP TO 100 TIMES 
MORE EFFECTIVE 
FRACTURING POWER 
CAN IMPROVE 
PRODUCTION AS MUCH 
AS 30 TIMES 


Mi Callough 


TOOL COMPANY 


Los Angeles *« Houston « Edmonton 


Cable Address: MACTOOL 


FOR FURTHER INFORMATION ON 


ADVERTISED PRODUCTS, SEE READER SERVICE CARD 
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CHICAGO PNEUMATIC + OjL TOOL DIVISION + FORT WORTH, TEXAS 


* 


DELIVERING 
MORE 


HOLE MAKING 


ABILITY 


When you specify CP Oil Tools 
you can be sure of top performance 
from our products . . . and from 
your CP Field Representative. 

The CP Field Engineer who 
services your rig takes pride in his 
availability under the most difficult 
field conditions . . . and he takes 
pride in his product under every 
drilling condition. 

Let him work with you to help 
keep your drilling program on 
schedule. 

At CP we know that you've “no 
time for downtime!” 


AVAILABILITY of manpower and tools is our 
around-the-clock responsibility ... just as 
moking hole is yours! Let us show you how the 
Cost-cutting Performance of CP in-hole tools 
pays off under the toughest field conditions. 


Chicago Pneumatic 
FORT WORTH, TEXAS 


BITS « DRILL COLLARS 
REAMERS « TOOL JOINTS 
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ductivity of the fracture is assumed to 
be much greater than the conductivity 
of the matrix. Data obtained may cor- 
respond to reservoir parameters only in 
such measure as flow in the model cor- 
responds to flow in the reservoir 


How Fractures Affect 
Conductivity 

Reciprocal conductivity is indicated 
by the ordinate of Fig. 1, while twice 
the displacement divided by the well 
radius is plotted along the logarithmic 
abscissa. Each line on the graph cor- 
responds to a given value of the ratio 
of the well displacement, i.e., the dis- 
tance between wells, divided by the 
average reservoir length. The data 
apply where the shape of the reservoir 
is approximately that shown in the 
insert. 

The ratio of the length to the width 
of the reservoir is equal to approxi- 
mately 1.5, and the total length of the 
reservoir divided by the..maximum 
depth is approximately 11. It will be 
noted for particular values of the ratio 
of the well displacement divided by the 
average reservoir length that the recip- 
rocal conductivity is directly propor- 
tional to the ‘ogarithm of the recipro- 
cal well radius, the proportionality de- 
pending upon whether the wells are 
widely separated or not. The upper 
curve indicates values which might be 
expected when the displacement di- 
vided by the average reservoir length 
is equal to 1.12. For example, if twice 
the displacement divided by the well 
radius were equal to 100, the recipro- 


cal conductivity of approximately 2.30 


L_ DISPLACEMENT 
RESERVOIR LENGTH 


+» 


8 





_1 


would be expected If the value of the 
displacement divided by the well radius 
were equal to 10, a reciprocal con 
ductivity of approximately 1.10 would 
be expected. 

If the wells are located closer to 
gether, for example where the displace 
ment divided by the average reservoir 
length is equal to .7, the data in the 
fourth line apply. The lower curves 
apply to successively closer and close! 
well positions. Conductivity is shown 
along the ordinate of Fig. 2, and the 
ratio of well radius divided by the av- 
erage reservoir length is plotted on a 
logarithmic scale along the abscissa 
The data again apply to a reservoir 
similar to the one shown in the insert 
of Fig. 1. Each curve on the graph 
corresponds to a particular value of 
the ratio of the well displacement di 
vided by the reservoir length 

It is assumed that the fractures are 
located symmetrically in the pay and 
that both wells are fractured. The 
dashed lines represent the extrapolated 
values. The values of the well displace 
ment divided by the average reservoir 
length range from 2d/a+b=0.14 
to 2d/a + b= 1.12. The long lines 
extending to the left and right apply 
where the well is assumed to be reamed 
to the size indicated on the abscissa 
while the short lines apply to fractured 
wells. 

In general, uniform increases in con 
ductivity may be expected as well dis 
placement decreases. Also, for a par 
ticular well displacement, increases in 
conductivity may be expected for 
larger well radii. For closely spaced 
wells, increasing the size of the fracture 


«NO FRACTURE 
O FRACTURE RADIUS _, oa¢ 
AVG. RESERVOIR LENGTH 
x FRACTURE RADIUS 
AVG. RESERVOIR LENGTH. 
BT: BREAKTHROUGH 


72 





DIMENSIONLESS TIME 


FIG. 8. Cycling or flooding performance of a horizontally-fractured anticlinal reservoir 


Well displacement /reservoir length — 0.55 


FOR FURTHER INFORMATION ON 
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has a strong effect on pattern con- 
ductivity. 





OF OIL OR 


WELL DISPLACEMENT E 
AVG. RESERVOIR LENGTH 





Effect of Well Position 


Variation in the ratio of the con- 
ductivity of the fractured pattern 
divided by the conductivity of the 
reamed well is noted in Fig. 3, for var- 
ious values of the displacement ratio 
divided by the average reservoir length. 

[he upper curve applies where the eNO FRACTURE 

fracture radius divided by the average Ofna 36 
reservoir length is equal to 0.071. The xFRACTURE RADIUS ane 
lower curve applies where the fracture AVG. RESERVOIR LENGTH 
radius divided by the average reservoir lie ena 

length is equal to 0.036. 

For any value of the ratio of the 

displacement divided by the average 
reservoir length, doubling the fracture 
radius increases the ratio of the con- 
ductivity of the fractured pattern 
divided by the conductivity of the 
reamed pattern by approximately 0.05. 
The effect of the fracture in increasing 
the conductivity of the pattern reaches 
a maximum for the ratio of the dis- 
placement divided by the average reser- —_ ees _ = 
voir length of approximately 0.70. . 
Both curves tend to drop off at larger 
values of the displacement divided by 
the average-reservoir length due to the 
fact that for larger displacements the 
thickness of the reservoir decreases as 
shown in the insert of Fig. 1. 
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OMPOSI TION 
IN FLOW STREAM 
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FRACTIONAL © 
WET GAS 
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GAS RECOVERED 
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07 20 C Loo 120 
DIMENSIONLESS TIME 





OIL OR GAS ORIGINAL 


OIL OR WET 


FIG. 9. Cycling or flooding performance of a horizontally fractured 
anticlinal reservoir when well displacement/reservoir length — 0.82. 


2r 
@NO FRACTURE __w_, 
o+b 0.00139 


OSMALL FRACTURE “'f 
o+b 


=0. 036 


Effect of Fracture Size 

The ordinate and abscissa of Fig. 4 
indicate the conductivity of the frac- 
tured pattern and the fracture radius ; 
in ft, respectively. Curve | applies ‘ tt SESEIOR Tease 
where the length of the reservoir is 
2000 ft, and the width of the reservoir 
1300 ft, curve 2, where the length of 
the reservoir is twice as large and | 
curve 3 where the reservoir is four . 


times as large. Conductivities for un- WELL DISPLACEMENT __, 2d 
AVG. RESERVOIR LENGTH a+b 
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fractured wells of radii about 6 in cor- 
> i 2c e ; 2 4 ore . ° ° 
responding to reservoirs 1, 2 and 3 are . 10. Variation of volumetric sweep efficiency with well separation. 
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New CAMCO “PRODUCTION PACKAGE” 
brings new efficiency to 
Oil Recovery + Paraffin Removal + Dewatering 





FLEXISEAL 
PLUNGER 


NEW LUBRICATOR is rugged, compact, ver- LUBRICATOR 
satile. Changing only three parts converts 
2” Lubricator for use with 212” tubing TRIGGER 


R00 


SURFACE CONTROLS —Camco time cycle 
controllers, gas-operated or clock-driven, 
as well as pressure-operated cut-off con- 
trols, can be furnished for the specific 
requirements of your operation 


NEW MANUAL CATCHER ¢atches 
Plunger automatically when it sur- 
faces. Pre-set Catcher does away with 
waiting at well for Plunger to surface. 
eliminates awkward trapping of Plung- 
er with master valve. 


BUMPER SPRING AND STOP — Bottom-hole 
Bumper Spring, positively located by Stop 
is ruggedly constructed to absorb impact 
of falling Plunger. Spring and Stop are 
both available in two types 





+ MAGNETIC 


A new equipment system now available from Camco is setting new high 
standards of efficiency in the plunger method of producing fluids from 
well bores. It’s a “production package” of precision-made components 
—designed to increase production and recovery potential in weak flowing 
wells or wells with emulsion problems, to remove paraffin from tubing, 
and to dewater gas wells. Whatever your requirements of a free-piston 
lifting system, you'll find they can best be served by 


Versatile new CAMCO 


PLUNGER 
. LIFT, 


NEW BN FLEXISEAL PLUNGER 
features: 

Large fluid bypass for fast cycling 

Magnetic Check Valve, opened by Lu- 
bricator Trigger Rod when Plunger sur- 
faces, magnetically held open for fall to 
bottom. Closed on impact with Bumper 
Spring, valve is magnetically kept closed 
for return trip to surface. 

Positive-sealing Flexiseal elements with 
full 360° coverage, assuring maximum 
fluid recovery. Flexiseals are hard- 
surfaced for long wear life, are easily 
field-changeable 


NEW MAGNETIC ARRIVAL angto. 


matically shuts in the well when Plunger 
surfaces. Attraction of Magnet to sur- 
facing Plunger opens gas circuit to 
operate surface control. Trouble-free 
Magnetic Arrival conserves gas, is an 
invaluable component for any plunger 


installation. Same Magnetic Arrival is 
used for 2” and 2%” installations 


MAGNET 


Your Camco representa- 
tive will be happy to give 
you detailed information 
about the Camco Plunger 
Lift system and its com- 
ponents. Ask him, or write 
for a complete brochure 


CHECK 


-> “PRODUCING PETROLEUM PROGRESS” 
CAMCO, INCORPORATED Box 14484. Ho: 


FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS, SEE READER SERVICE CARL 








United States Filter Co., El Monte, Calif., use Ampco'’s compact, 
close-coupled pumps on their mobile skid-mounted filters. 


Salt water never stops an 


AMPCO CENTRIFUGAL PUMP! 


It’s engineered to stand up under the corrosive and erosive 
conditions of salt-water disposal and flooding operations — 
transfer service, pumping through filters, pumping over 
aerators, back-flushing filters, and delivering treated water. 


Ampco gives you protective features that standard pumps 
usually don’t have: 

Wear rings — to save the casing, prevent expensive 
repairs, and reduce down-time. 

Shaft sleeves — to give greater operating economy, elim- 
inate worn shafts, cut maintenance costs. 

In spite of their special-pump advantages, Ampco Pumps 
sell at standard-pump prices. And they’re in stock at your 
nearby Ampco Pump Distributor — speeds from 1750 to 
3500 rpm; capacities to 600 gpm; heads to 300 feet. 


Bulletin P-3 tells more about Ampco Centrifugal Pumps 
in aluminum bronze, stainless steel, and other workable 
alloys. Send coupon for your free copy. 


Uke THE METAL WITHOUT AN EQUAL 


AMPCO METAL, INC. wiiwaukee 1. wiscon 


WEST COAST Div HUNTINGTON PARK, CALIF SOUTHWEST Div DALLAS, TEXAS 


AMPCO METAL, INC 
Send me Bulletin P-S3 
NAME 

COMPANY 


ADDRESS 


CITY _ ZONE 
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given as 0.49, 0.43 and 0.39 respec- 
tively. The data apply where the frac- 
tures are located symmetrically in the 
pay, where the ratio of the displace- 
ment divided by the average reservoir 
length is equal to 0.84 and where the 
length of the reservoir divided by the 
maximum depth is equal to 11. 


Sweep Efficiency Variations 


An isopachous plot of the reservoir 
is shewn in Fig. 5. Relative dimensions 
of the reservoir given in the insert of 
Fig. 1 still apply. 

Fig. 6 shows the position of a gas-oil 
or water-oil interface for various times. 

Two significant effects are attribut- 
able to the fractures. First, a decrease 
in the volumetric sweep effiiciency at 
breakthrough, which is due primarily 
to the decrease in effective separation 
caused by the addition of the fractures. 
The second effect, more noticable in 
the case of larger fractures, is an in- 
crease in the volumetric sweep ef- 
ficiency at breakthrough. A _ large 
fracture will widen or spread out the 
flood front in its early stages due to its 
circular shape, particularly when wells 
are widely spaced. 

Fig. 8 and 9 indicate the recovery 
or cycling performance which may be 
expected from a horizontally frac- 
tured anticlinal reservoir. The oil or 
wet gas recovered divided by the oil 
or gas originally in place (for the lines 
of positive slope) is shown along the 
ordinate while dimensionless time is 
shown along the abscissa. For the 
curves of negative slope, the ordinate 
shows the fractional composition of oil 
or of wet gas in the flow stream. Fig. 8 
and 9 apply where the ratio of the 
well separation divided by the average 
reservoir length is about equal to 0.55 
and 0.82. The length of time after 
breakthrough for which a secondary 
program will be economically sound 
can be estimated. For example, con- 
sider a fractured reservoir such that 
the well separation divided by the 
reservoir length is equal to 0.55, and 
a large fracture, 2r/a + b= .072, 
exists at both wells. Although the 
sweep efficiency of the pattern at 
breakthrough is only about 32%, the 
fractional composition of the oil or wet 
gas in the flow stream will not de- 
crease to 30% until approximately 4 
times the breakthrough time has 
elapsed. If the well separation divided 
by the reservoir length is equal to 0.82 
and the wells are similarly fractured, 
time for the fractional composition of 
the wet gas in the flow stream to reach 
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The Schlumberger Radial Jet 


acclaimed revolutionary by production men 


Lower breakdown pressures, higher injection rates, production without 
stimulation . . . all have been achieved through perforations made with this fast 
efficient, and economical new gun 

The Radial Jet fires a cluster of powerful shaped charges in a single plane. Depend 
ing upon the casing size, the cluster contains three, four, or five charges. Spacers permit 
the simultaneous shooting of several clusters as much as three feet apart 

The perforations—1” or more in diameter—are ideal for operations requiring 
large, high capacity holes into the formation 

Since the holes from a cluster are made in a single plane, the gun is particularly 
advantageous for pinpoint fracture initiation. For the same reason, the Radial Jet is 
appropriate for thin zone production, treated or not 

The Radial Jet can help you make better completions at lower costs. Ask the men 


who have used this revolutionary new gun 


SCHLUMBERGER 





WAST... 


SECURITY’S EXCLUSIVE 


| LOCK: ; 


FOR 
JET BIT NOZZLES! 


SECURITY does it again! The newly developed, 
exclusive nail-lock for retaining jet nozzles, 
is unmatched in the industry. This years-ahead 
design eliminates undependable, old-type snap 
ring retainers. The nozzle can’t come out! 


Plus feature: Nail is easily removed to change 
nozzle sizes. Less down time is assured because 
of deleting old-type snap-rings which are often 
lost through erosion . . . faster hole results! 


Write today for data sheet on this new pin- 
retainer .. . another Security First for jet bits! 


*Patent pending 


ENGINEERING DiViISI 
a P. O. Box 13647 cmp 

Dallas, Texas 

And Manchester, England 


ONE OF THE DRESSER INDUSTRIES 


COPYRIGHT 1960 
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Wheland HP-16000 

Planetary Pump owned by 

Oil Production Maintenance, Inc., 
on location in the 

Gulf Coast area. 


AL FN 


“A great step 


forwar 


WHELAND PLANETARY 
HP-1i6000 PUMP 


Duplex Power Slush Pump 
7%" x 16", 600 H.P. at 65 RPM 





ROTARY DRILLING MACHINERY 


THE WHELAND COMPANY 
CHATTANOOGA, TENNESSEE, U.S.A. 


SLUSH PUMPS 


DRAW WORKS -e« 
CROWN BLOCKS « TRAVELING BLOCKS « SWIVELS 


ROTARIES 


DOMESTIC DISTRIBUTORS: INDUSTRIAL SUPPLY COMPANY, INC.—Main 
Office: Wichita Falls, Texas * HOUSTON OIL FIELD MATERIAL COMPANY, 


INC.—Main Office: Houston, Texas. 


EXPORT DISTRIBUTORS: LUCEY EXPORT CORPORATION—233 Broadway, 
New York 7, New York—Broad Street House, London, E. C. 2, England. 





30% is about twice the time required 
for breakthrough. 

Comparison with Fig. 5 will indi- 
cate that the wells are placed at points 
at which the thickness of the pay starts 
to decrease. In particular, the ratio of 
the well separation divided by the aver- 
age reservoir length is equal to ap- 
proximately 0.82. The position of the 
front, after a dimensionless time of 
about 0.25 has elapsed, is indicated. 
The flood front has already lost its 
radial shape and has begun to extend 


toward the opposite well. The volu- 
metric sweep efficiency corresponding 
to this position and time is approxi- 
mately 25%. The expected position of 
the interface is shown at positions 
before, at, and after breakthrough. The 
volumetric sweep efficiency at break- 
through is about 66% 


Flood Pattern 

Fig. 7 shows the approximate flood- 
ing pattern which might be expected 
when the wells are again located such 


2-YEAR FIELD TESTS ¢00€ 


eANGALO 


stem JOINTS AND DRILLING Jars 


SPANGALOY CABLE TOOLS.. 


5 


. field-tested 


for over 2 years with amazing results... 


extra resistance to torque, impact, vibration 


and abrasion.. 


. prove SPANGALOY stem 


joints and drilling jars to be 4 times tougher! 
Ask our field representative about the remark- 


able performance of SPANGALOY tools. 


SPANGALOY Tools available in 


stem joints, weldless jars and bits. 


SPANG & 


-OMPANY 


BUTLER, FENNEYLVEANLA 


Branches: Bolivar, N.Y., Mt. Pleasant, Mich., Winfield, Kan, 
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FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS, SEE READER SERVICE CARD 


that the well separation or displace- 
ment divided by the average reservoir 
length is equal to about 0.82. Circu- 
lar, horizontal fractures are located 
symmetrically in the pay of such size 
that the fracture radius divided by the 
average reservoir length is equal to 
0.036. For a reservoir approximately 
one mile long, this size fracture would 
correspond to an effective fracture ra- 
dius of 300 ft. The volumetric sweep 
efficiency at breakthrough is again 
about 66% 

Comparison with Fig. 6 will indicate 
that the fracture of the specified size 
at this position has altered the shape 
of the flood fronts very little. It will 
also be noted that the volumetric sweep 
efficiency at breakthrough was ap- 
proximately that found for the unfrac- 
tured case. 

In other studies similar to Fig. 6 and 
7 except that the wells were fractured, 
the volumetric sweep efficiency at 
breakthrough was considerably less 
than was obtained when the well was 
unfractured or when a smaller frac- 
ture existed at both wells. 


Variation of Sweep Efficiency 


The ratio of the well separation di- 
vided by the average reservoir length 
is indicated in Fig. 10 along the 
abscissa and volumetric sweep ef- 
ficiency is indicated along the ordinate. 
The upper and lower curves indicate 
expected volumetric sweep efficiencies 
where fractures of small radii about 
0.036 and 0.072 times the average 
reservoir length exist. 

At the lower part of the graph is a 
line indicating the thickness of the 
reservoir at particular well separations. 
This curve shows how variation in pay 
thickness of the reservoir effects volu- 
metric sweep efficiency, particularly in 
the case of large fractures and separa- 
trons. 

Consider a reservoir 1700 ft long 
with wells positioned so that the sep- 
aration is equal to 7/10 the average 
reservoir length, i.e., the wells are lo- 
cated about 490 ft from the center of 
the reservoir. If the wells are unfrac- 
tured or fractured such that the frac- 
ture radius is less than 0.036 times the 
average reservoir length, i.e., 50 ft, a 
volumetric sweep efficiency of 55% 
is predicted. If both wells were frac- 
tured horizontally such that the frac- 
ture radius were equal to 100 ft, i.e., 
the fracture radius is equal to 0.072 
times the average reservoir length, a 
volumetric sweep efficiency of about 
42% would be predicted. xe 
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Packaged . . . skid-mounted . . . automatic . . . controls 
fully weatherproofed... BS&B PHANTOMATIC 
Water Filter Units are engineered to meet the cus- 
tomer’s specific requirements. 

The backwash controllers, a unique and exclusive 
development by BS&B, provide complete automatic 
control of backwash on either time cycle or present 
filter bed differential pressure basis. 

Whatever your requirements for clear, clean water in 
waterflooding operations, BS&B has the full line... 
from single filter to complete open or closed water 
treating systems. You can rely on equipment built by 
and backed by BS&B. 

For your copy of BS&B’s new AQUA-KLEENER 
brochure, write Black, Sivalls and Bryson, 7500 E. 


12th Street, Kansas City 26, Missouri. Dept. 1-GY6. 


On an Illinois waterflood, this Phantomatic Filter Unit includes 
weatherproofed control box, three 7° x 5° graded bed filters, 
pumps, hydromotor operators, valves, and piping. Controller 
operates from pressure switches on filters and storage tanks. 


Another Phantomatic Dual Filter Unit headed for a North Texas 
Waterflood receiving a checkout at the Oklahoma City plant 


BLACK, SIVALLS « BRYSON 


OKLAHOMA CITY + KANSAS CITY * TULSA » EDMONTON «+ THE HAGUE 





WHICH WELL WAS THE PRODUCER? 
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Well “E” was drilled to penetrate a known producing 
sand. The expected zone was found a interval 8454’- 
8460’. Electric logs gave good indications, and, when 
compared with logs from wells in which this zone was 
flowing commercially, curves were found to be almost 
identical. Analysis of cuttings showed 16% average 
porosity and 60.4% fluid saturation. Would you set 
ersing on this well? Before reading further, study 


Well “F” log and compare with Well “E”. 


/ 
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Prospects on this well were considered favorable 
enough that the operator was ready to set casing. To 
obtain conclusive information, Johnston Testers per- 
formed a drill stem test recovering 30’ of muddy water 
and 558’ salt water. 
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While drilling Well “F’, yellow fluorescence was 
noticed in cuttings from the interval 9470’-9480’. 
Drilling continued to T.D. and electric logs were run. 
These indicated favorable conditions at the above- 
mentioned interval. Analysis of cuttings and sidewall 
cores showed 31.8% average porosity and 73.6% 
fluid saturation (18.5% oil, 55% water). Would you 
set casing on this well? Now study the drill stem test 
charts on Well “E” and Well “F” for additional data. 








Additional logs were run for further study. As final 
step in evaluation, Johnston Testers performed a drill 
stem test. The 4000’ water cushion reached surface 


in 18 minutes and the well flowed pipeline oil. 
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JOHNSTON TESTERS 


Houston. Texas Calgary, Canada 


FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS, SEE READER SERVICE CARD 


THE PETROLEUM ENGINEER, June, 1961 











Mi 


_ 
— 
_ 
_— 
wt! 
-_- 
= 
_ 
_ 
_— 
- 
_ 


i 


is 


hhh 


i 





- 4 
= 
> 4 
-. 4 
£ 
= 
= 
—_ 
eo 
= 
= 





Fr 
| 
» oll 


If crude came up in cans, casing 
and tubing wouldn’t matter 


But nature doesn’t package her products. 
She requires you to wrench crude oil 
from the earth and carry it to the surface 
in tough steel arteries. 

No tubular products handle this load 
better than CFal Seamless Casing and 
Tubing. This top-quality steel pipe has 
the straightness that takes the kinks out 
of production problems . . . the precision 
threads and strong joints that prevent 
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leakage and withstand high internal and 
external pressure. In addition, you can 
count on the quality customer service for 
which CFal has long been noted. 

CFal Casing and Tubing meets API 
STD SA specification and is available in 
sizes 2%” through 956” O.D. Call your 
nearby CFal sales office for complete 
details and speedy delivery. e208: 


FOR FURTHER INFORMATION 
ADVERTISED PRODUCTS 


The Colorado Fuel and tron Corporation 
Denver + Oakiand « New York 
Sales offices in Key Cities 
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SEE READER SERVICE CARI 





FUEL-FREE “e268 


FROM SALT 


OR BRACKISH 


WATER 


Wherever there is a supply of 
salt or brackish water, AMF- 
Maxim Aquavap heat recovery 
evaporators provide a practical, 
economical way of producing 
fresh water of purity exceeding 
U.S. Public Health Service re- 
quirements. These compact 
evaporators operate on engine 
jacket water or any other hot 


Te eee 


iy 5 ae, aay 


‘mi tine 
=H 
“HP HE 


water source, and thus add 
nothing to existing fuel cost. 
They are low in initial cost, 
inexpensive to maintain and 
simple to operate, and are de- 
livered as a complete packaged 
unit ready to install. Capacities 
range from 150 to 12,500 gallons 
per day of fresh water. 


Write Dept. P for detailed information = 


or call our Engineering Department 


(Hartford, CHapel 2-2281) 


EVAPORATOR DIVISION 


= 
SN 


American Machine & Foundry Company 


WATERFORD, CONN. 


Represented by THE J. B. BEAIRD COMPANY 
Shreveport, New Orleans, Tulsa, Midland, Houston, New York 


FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS, SEE READER SERVICE CARC 


* Branch, DENVER, COLO. 





Nitrogen Gas Converter 

Development of an advanced liquefied 
nitrogen gas mobile unit for oil well com- 
pletion and testing work is announced by 
The Cosmodyne Corporation. The truck- 
mounted converter gives pressures up to 
15,000 psi by liquefication of nitrogen at 
low pressures and pressure pumping on 
the site with the self-contained unit. First 
such unit is operated by Cook Nitrogen 
Service, Odessa, Texas. One truck trans- 
ports 186,000 std cu ft of gas which can 
be delivered at desired delivery pressure. 
Field uses include drill-stem testing, dis- 
placement, cementing, aeration of drilling 
mud, testing blowout preventers, fractur- 
ing and acidizing, and perforating. The 
Cosmodyne Corporation. 

Circle number (1) on reply card. 


Diaphragm Pressure Switches 

A new line of diaphragm pressure 
switches from Barksdale Valves features 
a guaranteed accuracy of +0.5% instead 
of the customary +1.0%. Design of the 
switches is around a standard body to 
which interchangeable components such 
as contact elements, capsules, terminal 
block housings, explosion-proof housings, 
etc. may be attached. Proof pressures to 
600 psi and adjustable ranges from 
vacuum to 400 psi are available. Barks- 
dale Valves. 

Circle number (2) on reply card. 


Replaceable Cone and Blade Bits 

Newest bits from Varel Manufacturing 
Company are the DWV replaceable cone 
and blade bits. Two and three-cone models 
and two, three, and four-blade models all 
fit in the same sub-assembly. Initial sizes 
available are 41%4-in., 44%2-in., and 4%4-in. 
In the cone-type bits, ball and roller bear- 
ings can be replaced in cones without 
returning the bit to the plant. Cones are 
also replaceable. Air course size can be 
changed by varying the hole size in the 
compression thimble. Varel Manufactur 
ing Company. 

Circle number (3) on reply card 


Valve for Tank Hook-Up 

A new tank valve has been designed by 
Instruments, Inc. to simplify tank hook 
up. The valve eliminates reducing to 
match tank connections; its cross-type 
body design replaces the pipe tee normally 
required for tank hook-up. The valve has 
unobstructed full-flow internal design and 
is available with 2-in., 3-in., or 4-in 
grooved or threaded connections. It has a 
malleable iron body, stainless steel 
internal components, and a stainless steel 
plug with molded-in Buna-N seal. Jn 
struments, Inc. 

Circle number (4) on reply card 
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Equipment 





High-Pressure P-D Meter 


Flow Equipment Company has added 
a new series of 3500-psi positive-displace- 
ment flow meters to its previous line of 
500, 2500, and 5000-psi meters. The new 
meters are available with 1l-in. female 
connections, or 2-in. and 3-in. male NPT. 
Designed specifically for oil field metering 
of salt water or sour crude oil commingled 
with abrasive sediments, the meters have 
capacities to 3000 bbl per day. Flow 
Equipment Company. 

Circle number (5) on reply card. 


Triplex Plunger Pump 


National Supply has developed a new 
triplex pump known as J-50 for water- 
flooding, power oil service, and salt water 
disposal. The pump’s built-in suction 
dampener prevents surges from entering 
the suction piping, increases volumetric 
efficiency, and aids in smooth operation. 
Choice of fluid ends and wide range of 
plunger sizes makes the J-50 suitable for 
low-pressure/high-volume service, medi- 
um-pressure/medium-volume service, or 
power-oil service. National Supply Divi- 
sion, Armco Steel Corporation. 

Circle number (6) on reply card. 


Heavy-Duty Coupling 

A heavy-duty flexible cushion coupling, 
largest in the Dodge Para-flex line, is 
announced for applications with high 
torque requirements. The PX280 has more 
than twice the torque capacity of the next 
smaller size and features the standard 
tire-shaped flexing element to absorb end 


float, shock, vibration, and angular and 
parallel shaft misalignment. Capacity at 
maximum recommended speed of 910 
rpm is 3640 hp. Coupling is available 
from stock for shafts up to 7 in. in diam 
and may be ordered for shafts as large 
as 9 in. Dodge Manufacturing Corp. 
Circle number (7) on reply card. 


Highly Portable Rig 

The Fedco “Crusader” is the first 96-ft 
trailer-mounted mast and sub-structure 
assembly that permits hauling all essential 
drilling equipment in one load. Rig design 


permits medium-depth drilling with 
4'2-in. pipe, slim-hole drilling, or work- 
over and servicing work. Sub-structure 
trailer assembly separates in front of the 
mast to provide a workover unit for small 
offshore platforms. Hydraulic raising 
devices are eliminated through use of 
drawworks engine and sling lines to raise 
and telescope the mast. Available with 
static hook-load capacities of 125,000 Ib, 
160,000 Ib, and 200,000 Ib, all models 
are 54 ft long. Fox Equipment & Derrick 
Company. 
Circle number (8) on reply card. 





HIGH TEMPERATURE 
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3093 NO. CALIFORNIA ST 
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ANTI-SEIZE COMPOUND 


KOPR-KOTE 


THREAD LUBRICANT AND SEAL 


MFO. UNDER U.S. PATENT NO. 2,543,741 








World's 
est 


For 
DRILL COLLARS, 
TOOL JOINTS, 
CASING & TUBING 





BURBANK, CALIF 
EXPORT OFFICE 


30 Rockefeller Plaza, New York 20, N.Y 
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INCREASE 
YOUR 
CONDENSATE 
INCOME 

UP 10 


with the NEW 
MALONEY - CRAWFORD 
AUTO-REFLUX stabilizer 


The M-C Auto-Reflux stabilizer is 


proven to increase condensate 
sales up to 25% even with lower 
operating pressures and inlet feeds 
as high as 85°F. M-C has broken 
the inlet temperature barrier with 
a patented feed exchange system 
built into the top of the column 
This unique system utilizes the 
throttling cooling of the feed to 
provide a rectification section and 
to reflux the column. It is especially 
well suited for use down stream 
from hydrocarbon recovery units 
and gas plants. Write for full 
details. 


MALONEY-CRAWFORD 
TANK & MANUFACTURING CO 
P.O. Box 659 ~— Tulsa, Okla 
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Primary Cementing Centralizer 


VALVES 


A new rod spring type centralizer speci 
FITTINGS | fically designed to provide full fluid 
circulation is announced by B & W 
Incorporated. Both end coilars are flash 
welded and made without a restrictive 
bead, allowing full 360-deg fluid flow 
around the unit. Slightly angular position 
of each rod bow provides self-cleaning 
action and agitates the drilling fluid. It is 
available with or without the B & W full 
circulation automatic stop collar and can 
be ordered with a friction lock clamp 
inside. B & W Incorporated 
Circle number (9) on reply card. 


Diesel-Gas Conversion Kit 


Stewart & Stevenson has introduced a 
kit for quick change-over of General 
Motors Series 71 engines from full diesel 
fuel oil operation to straight natural gas. 
spark-ignited operation. Consisting basi 
cally of an exchange cylinder head com 
plete with spark plugs and adaptors and 
a natural-gas carburetor, the kit converts 
GM Series 71 engines over a range of 
speeds of from 800 to 1800 rpm with 
KRALOY/CHEMTROL | horsepower from 40 to over 1400. Con 

tinuous hp rating is the same on natural 
gas operation as on straight diesel. Stewart 


combats corrosion with plastics “orto son saint 


Circle number (10) on reply card 





Valves, pipe and fittings, pumps, and electrical raceways are 
now available to you from one manufacturer. @ Here is the Hydraulic Wireline Stripper 


" — . . ° [wo new hydraulic wireline strippers 
advantage of plastic piping and electrical conduit systems in- from Guiberson safely contain pressure 


tegrated in design, manufacture and distribution. @ Corrosion surge following gun perforation and also 
, ‘ . act as blowout preventers against high 
resistance is only one of the many dynamic features of these | pressure zones tapped in perforation. The 
. HSS5 for pressures up to 5000 psi and the 

modern products. # Installation costs are reduced... fewer HS10 for pressures to 10,000 psi are both 
replacements are required...and the flow rate of liquids is equipped with hydraulic pump and 50-ft 
‘ y : ‘irae : ; | hos: for safe remote control. Available 
appreciably increased in plastic piping due to the smooth interior with 2-in. EUE 8-rd, 2%-in. EUE 8-rd, 
, , , or 3-in. LP 8-V field connections, the 

walls. @ From so many viewpoints these plastic products demand | strippers are equipped with 2 sets of bush 


your evaluation. Ask the assistance of your Kraloy/Chemtrol ings, 1 rubber, and a base in sizes specified 
| on order. The Guiberson Corporation 


industrial or electrical distributor... or write One of the Dresser Industries. 
er Circle ber (11) sply card. 
Kraloy/Chemtrol Co., 402 West Central Ave., Santa Ana, California gor Sori thie im 
New Cable Tools 


----- ------------- - ----- Spangaloy is the name of a new line of 


COMPLETE PLASTIC PIPING SYSTEMS cable tools announced by Spang and Com- 
' pany. Made of new and stronger alloys, 


‘hig 1 {> the first products available are drilling jars 
ee and stem boxes. Drilling jars made of 

ga. these special steels are said to offer two 
SS a —— to three times the normal service life of 
wer, ’@ earlier-made jars. Service life on stem 

f)) OS 2 e boxes has been increased up to five times 


; Tools have been thoroughly field tested 
KRALOY PIPING AND CHEMTROL PUMPS, in hard-rock country of New York and 
ELECTRICAL CONDUIT VALVES AND FITTINGS ; Pennsylvania. Spang & Company. 


man mt eee er eens itontiti --= Circle number (12) on reply card. 
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Inject water faster,keep 
back-pressure low with 
Celite Portable Filtration 


Don't use inefficient, over-sized filter units to 
handle injection water. Now you can get fast, clean 
repressurizing water flow with a portable Celite* 
filtering system that is one-tenth the size of 
old-fashioned units with the same capacity. This 
compact unit can be mounted on skids for quick, easy 
installation and relocation. 


Celite diatomite filter aids remove oil, amoebae, witwour CeuTs 
algae and bacteria from injection water. By fine snatnaiied asats 
eliminating pore-clogging suspended solids, pumping form @ clogging cool 
pressure and costs are kept low and oil recovery kept over filter openings 
high. Data from a 10,000-barrel-a-day installation 

show that Celite, as compared to sand, reduced hold-up 

time from four hours to only 30 minutes. What's more, 

additional reports show backwash water requirements 

can be reduced up to 90%. 


A complete line of standard and special Celite grades 

is available to meet every need. For full details on 

how Celite assures the best quality filtration at the 

lowest cost, send for Technical Bulletin FF-78. 

Write Johns-Manville, Box 14, New York 16, N. Y. WITH CELITE, 
@ pores coke with 
microscopic channels 
becomes the reo! 
filter surface 


4 


nu, 


? 
b 


OURING FILTRATION, 
continueus bodyfeed 
of Celite builds up 
fresh filter surteces, 
greatly extending 
cycle life 


J OHNS-MANVILLE 
JM, 
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| MAGCOBAR 


Magcobar 


G conplete 


ORILLING MUO SEAVICE 


There are reasons why Magcobar products and services 
are used on more wells. Magcobar service, product 
quality, and traditional pricing have meant minimum 


mud cost, minimum drilling cost for more than 20 years. 


There are reasons why Magcobar is called in on tough 
wells. Magcobar has the full resources necessary to 
come up with the right drilling fluids to solve problem 


wells, to keep routine wells from turning into problems. 


There are reasons why you should use Magcobar on 
your next wells. When you're fighting the odds in drilling, 
you deserve the very best in drilling mud service. Get 
the very best from Magcobar, the company that has 


been elevated to leadership by the industry it serves. 





The World's Hottest Well Magcobar helped break the heat 
barrier in this South Texas wildcat A temperature of 460°F 
DRESSER was recorded at 14,556 ft Drilling continuecd through a salt 
INDUSTRIES, 
Inc. 


OIL *GAS 
CHEMICAL mud that could withstand high temperatures without gelation 
ELECTRONIC 
INDUSTRIAL 


dome to a total depth of 15,107 ft. at this elevated tempera- 
ture. Magcobar engineered the drilling fluids system, using a 


or cementation. The Ginther, Warren, and Ginther, O. W. Killam 
No. 1, near Laredo, Texas, is another example of how Magcobar 





engineering and the right Magcobar products solve probiem wells 





Another well Done with Magececobear Trechnoltlogy 





put 


them 


all 
together 


they spell higher pumping efficiency 
even when worn 











The Mud Monarch"® for high pressures lasts longer and does a 
better job to the very end The important thing to remember 
about the Mud Monarch valves and seats is the exclusive seal 
ring. This seal ring is unaffected by wear on both valve and 
seat. There is no fluid slippage, no imperfect closing due to sand 
or foreign material. For low and medium pressure pumps, 
Mission Super-Service” and Silver Top® valves will last longest. 
Their heavy forged alloy steel bodies have high corrosion 
fatigue strength and are able to resist cyclic stresses set up by 
loading and unloading. The Compound 308® inserts offer greatest 


MTS S140 Sy resistance to the chemical and abrasive effect of the fluid. 


ANUFACTURING CO . ; ° 
For any pressure, any pump, Mission pump parts are the 


industry's first choice for longer life, less trouble. 


MISSION MANUFACTURING CO. P. O. Box 4209, Houston, Texas Cable Address "*MiISSCO’* Export Office: 30 Rockefelier Plaza, New York 
the United Kingdom: MISSION MANUFACTURING CO., LTD., 1 Hanover Square, London W.1 England «+ cable address “MISSOMAN’ 





3-in-1 Jar and Safety Joint 


Shaffer Tool Works has developed a 
new fishing jar which combines advantages 
of a straight-pull hydraulic jar, a straight- 
pull mechanical jar, and a positive safety 
joint. Normally used as a hydraulic jar, 
the tool operates by simply pulling up on 
the tubing to strike the blow. Lowering the 
tubing resets the jars. If the hydraulic 
system should fail, the tool can be oper- 
ated mechanically. Lowering the tubing 
slightly while maintaining left-hand torque 
frees the fishing string and a major portion 
of the tool. Shaffer Tool Works. 

Circle number (13) on reply card. 


Hydraulic Tubing Tongs 


Hillman-Kelley has introduced a com- 
pact hydraulic tubing tong with front-end 
controls which measures only 42-in. long 
and 29-in. wide. Additional features 
include new planetary-type gear box; 





sturdier bronze drag shoe; snap-out stain- 
less steel jaw pins; fast jaw change-over 
that fits the tong to various tubing sizes; 
jaw design that ratios the gripping action 
to torque applied; and unit construction 
of the hydraulic motor and throttle valve 
which eliminates piping, hoses, and fit- 
tings. The tong is available to handle tub- 
ing from 1.050-in. OD through 4%-in. 
OD. Optional back-up accessory is avail- 
able (inset). Hillman-Kelley. 

Circle number (14) on reply card. 


Torque-Arm Speed Reducer 
Dodge Manufacturing Corp. has ex- 
tended its torque-arm speed reducer line 
with a Size 17 single reduction unit with 
5:1 gear ratio capable of transmitting 
50% more horsepower at output speeds 
up to 400 rpm. The unit can accommodate 
60-hp motors in the top range of output 
speeds based on Class 1 AGMA ratings. 
Available from stock for horizontal 
shafts, the reducer may be obtained on 
special order for vertical or inclined 
shafts. Dodge Manufacturing Corporation. 
Circle number (15) on reply card. 


Gas-Lift Compressor 


The Worthington XG-3 gas compressor 
is a 3-cylinder, 3-stage air-cooled machine 
designed primarily for gas-lift production. 
It is designed for compression of natural 
gas having an “N” value of approximately 
1.26. Operating at 1500 rpm, piston dis- 
placement is 67.5 cu ft per min with a i] 
maximum discharge pressure of 600 psig. 
The 650-Ib machine was designed for gas- 
lift applications and can be used also for IL 
gas gathering, dewatering gas wells, etc. SeGT PUMPS Wi THE On. PATCH" 
Worthington Corporation. 

Circle number (16) on reply card. 
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CONTROLLED DRILLING 


INDICATING 
AND RECORDING 
Weight 

Pump Pressure 
Torque 

Penetration 

Rotary Speed 
Pump Speed 


DRILLOGER 


A 








YOU CAN ELIMINATE 
BURNED PACKING 
FOR LESS THAN 


$90Q°° 


The Hercules Oil Reservoir Upper Gland fits all Hercules 
Duplex Stuffing Boxes _nd was designed primarily for use 
on ‘‘problem"’ wells which pump-off and burn the stuffing 
box packing. The reservoir capacity is 1 fluid quart. The 
polished rod moves through the oil in the reservoir which 
lubricates and cools it. The oil film on the polished rod is 
controlled on the ‘‘up stroke"’ by the Split Cone Packing 
Ring (located between the Oil Reservoir Gland Body and 
the Cap). Excess oil and the dust or sand which invariably 
collect on the polished rod are wiped off by the Split Cone 
Packing Ring on the ‘‘down stroke."’ This excess oil and 
dirt are channeled back into the reservoir by means of 
the specially-designed Cap. The dirt will settle in the 
reservoir and can be removed through the drain plug. 


FOR FURTHER INFORMATION ON 


B-110 





DOUBLE-E 


NOW —SHUT OFF 
CASING LEAKS EASILY! 


DOUBLE-E GAS LINE PACKERS 
STRADDLE CASING '‘EAKS TO 
SEAL OFF THE BAD SECTION. 


Double-E Packers economically 
seal off a bad section of casing, 
providing a bypass through a 
second pipe for gas escape. 


CASING SIZES: 42” to 7” 
TUBING SIZES: full opening 








Sold Through Supply Stores 
Write for Catalog and Prices 


EQUIPMENT ENGINEERS, INC. 
2039 Amelia St., Dallas 35, Texas 
LAkeside 6-3873 


leaders for 30 years in 
well pletion and p i 





meng SyVir 











HERCULES OIL RESERVOIR 
UPPER GLAND 


Fits all Hercules Stuffing Boxes 
and costs only $18.75 to $19.75, 
complete. 


“ish 7 " - ‘ eT ee a a res i i Bias 
| HERCULES TOOL COMPANY 
MANUFACTURERS OF OILFIELD EQUIPMENT 


GENERAL OFFICES AND PLANT TULSA, OKLAHOMA 


Export Representative Oil Field Equipment Co 90 West Street 


a 
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Now/ 


PACIFIC PUMPS 
brings you (the most) 


Railway Car Hauls 


Bulk Dry Materials | economy and efficiency 


yng caer ap operated tank railroad 
car for hauling and transferring powdered, | 
granular, and most pelletized dry mate- for your dual zone 
rials is ———— by Halliburton. The 
2400-cu-ft capacity car mounts 3 tear- 
drop tanks on a specially built railway pumping 
car having 152,000-lb payload. One man 
can unload the car in 30 min directly into 
storage bins without interfering with oper- 
ations. Car unloads materials anywhere 
a pipe or hose can be routed. Halliburton 
Company. 
Circle number (17) on reply card. 


Bottom-Hole Separator 


The Superior bottom-hole separator, 
designed to minimize gas interference in 
pumping wells, is also used to reduce high 
gas-oil ratios in flowing wells, in con- 
junction with flow valves. The unit sepa- 
rates free gas from the fluid and vents it 
to the casing annulus. Operation of the 
separator is based on both agitation and 
gravity separation. The 6-ft 6-in. tool is 
available in 3% and 4'%-in. diam. Super- 
ior Gas Lift, Inc. 

Circle number (18) on reply card. 


380-hp Slush Pump 


The National K-380 slush pump, rated 
at 380 input hp, is the third of a K-series 
developed to minimize size and weight 
and to simplify maintenance. With 74-in. 
bore and 14-in. stroke, the pump delivers 
665 gal per min at 835 psi maximum dis- 
charge pressure at rated speed of 70 
strokes per min. With a 4'%-in. liner, 
smallest of 11 sizes, it delivers up to 265 
gal per min at 2100 psi. National Supply 
Division, Armco Steel Corp. 

Circle number (19) on reply card. 


Hard Formation Bits 


Two new bits from Globe Oil Tools 
are specially designed for improved drill- 
ing in hard formations. The MT-3 line, 
available in regular and jet types, features 
superior gage-holding properties in hard 
formations. The ST-3 is designed to main- 
tain a straight hole when drilling through : a . , 
hard formations interspersed with soft PACIFIC DUAL ZONE pumping systems provide 
"Teas active tav> en ante ced | maximum economy in producing dual completed wells 

A om where co-mingling of zone fluids is not permitted. Both 
Hydraulic Multi-String Packers »Sthig P 


The HS-17 series of hydraulic-set, 
retrievable, multi-string packers = : P . : 
, da : single rod string and pumping unit. 
announced by Brown Oil Tools is an | g g Ts 
extension of the company’s well-known 
HS-8 series. HS-17 packers provide largest 
bores for combination strings. For wi 
example, the 7-in., three-string packer has PACIFIC PUR IPS 
bores for the first and second strings that } ae 
will pass a 1%-in. drift. Bore for the third } ee Cen eer ey NER, 


string is the full ID of 2-1/16-in. CS CENTRIFUGAL PUMPS FoR PETROL COM Mid-Continent 

Hydril. Series is available in sizes 5% in. CHEMICAL UTILITY & GEMERAL OmBUSTRNES 1358 So. Sheridan Ave., Tulsa 12, Oklahoma 

through 754in. and for two to five strings. es Pacific Pumps of Canada, Ltd., 
Edmonton, Alberta 


Brown Oil Tools, Inc. 
Circle number (21) on reply card. 


zones are produced from the same well bore, using a 
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16 Bits Drill 15,457 Ft of Hole 

There are records for the biggest, 
the most, the longest and the deepest. 
And, occasionally, there are records 
for the smallest, the shortest and the 
fewest. It took some doing to uncover 
what might be considered some sort 
of a record: the fewest number of bits 
to drill a well over 15,000 ft. It didn’t 
take an electronic computer to make 
the selection, although it would have 
helped in going over some 242 individ- 
ual data cards on all wells drilled in 
the U.S. last year deeper than 15,000 
ft. 

The winner was Shell Oil Company 
for drilling its Herbert Broussard “B” 
well in the Herbert Ranch area of Jef- 
ferson County, Texas, last summer to 
a total depth of 15,457 ft. Bit number 
17 was used to condition the hole 
which had reached total depth with bit 
number 16. Also, the surface hole was 
drilled with an 18%-in. used bit still 
in good condition when pulled. Dillard 
& Waltermire Drilling Company of 
Houston drilled the well for Shell. Con- 
sidering 16 bits used for 15,457 ft of 
hole, each bit averaged 966 ft . . . quite 
a record. 


Ria Count to Rise in Argentina 

The most active oil development 
area in Argentina appears to be in for 
a rig increase according to a recent sur- 
vey in the Comodoro Rivadavia area 
some 900 miles south of Buenos Aires. 

This giant basin is divided into two 
regions: the north and south flanks. At 
last count, there were 19 drilling and 
seven completion rigs running in the 
north flank. In the active south flank, 
there are 40 drilling rigs in operation 
and 23 completion rigs. Some ob- 
servers feel the total number of drilling 
and completion rigs in the Comodoro 
Rivadavia area will reach 100, com- 
pared to a total of 89 on a recent 
count. 


Gulf Sets New Drilling Record 
7518 ft of hole in the first 24 hours 
was quite a feat in itself, but the bit 


ami iéa W 


N Pp : 


other Gulf well drilled 5412 ft in a 
24-hr period. 

The new speed record was estab- 
lished in Gulf’s No. 25 well in Block 
21 of the Offshore Timbalier Bay field 
off Louisiana’s coast. Best previous 
drilling time to 10,000 ft was 3.4 days 

. set by another Gulf well in the 
same area. 

Kerr-McGee Oil Industries, Inc., 
mobile barge Rig 47 and its crew, di- 
rected by Gulf’s drilling department 
personnel, did the job. Average pene- 
tration rate for the record speed 
including round trip time... was over 
180 ft per hr. 


Exotic Drilling Methods 
Suggested 

Use of atomic power and sound 
waves for costly offshore drilling was 
suggested as having possibilities at a 





recent New York City meeting of the 
American Society of Civil Engineers. 
Speaker Frederick Willsea, structural 
engineer for John A. Blume & Asso- 
ciates of San Francisco, suggested that 
atomic power is being developed, and 
new processes such as drilling by sound 
waves may be applied. He also sug- 
gested that above-water platforms may 
be abandoned entirely if drilling can 
be done “somehow” on bottom. Struc- 
tural engineers will be challenged in 
the future by problems other than off- 
shore oil development, he stated. 


Gas Drilling Potential in 
Gulf Coast 

Mobil Oil Company has proved the 
potential of gas drilling the Edwards 
lime in the Gulf Coast area of South 
Texas. Casing was set in Mobil’s Jim 
Orsak No. 1 well in the Word (Ed- 
wards) field of Lavaca County, through 
the Wilcox at 10,001 ft. In the sections 
drilled by gas, penetration rates aver- 
aged 20.5 ft per hr. With conventional 
mud drilling and jet bits, penetration 
rates averaged 7.1 ft per hr; with dia- 
mond bits, average penetration rate 
was 11.7 ft per hr. 

Excessive fluid entry halted gas 
drilling and resulted in an unsuccessful 
fishing job. But, the large increase in 
penetration rates achieved warrants 
further gas drilling tests in certain sec- 
tions of the Edwards lime in the Ed- 
wards Trend. 


Big Chief Is 25 Years Young 
From little acorns great oak trees 
grow...they say. The acorn from 
which sprang the substantial and re- 
spected Big Chief Drilling Company 
was planted 25 years ago in the boom- 
ing Oklahoma City pool. Behind this 








Rotary Rigs Operating i in Oil Fields of United Ste States and Canada 


As reported to American Association of Oil Well Drilling Contractors by Hughes Too! Company 








Mar. 27 Apr. 3 Apr. 10 Apr. 17 


Alabama 5 4 4 
Alaska 7 7 ® 
Arkansas 15 15 12 
Arizona 0 0 
California—Land 68 ; 72 
California—Offshore 2 
Calif.—Total 2 74 
Colorado 2 20 
Florida—Land 0 
Florida—Offshore ) 
Florida—Total 
eorgia 


— ad 
ne ii 


Mia 


a South La.— 
Inland Waters 
South La.—Land 
South La.—Offshore 56 
Louisiana—Total 269 
Marvland 
Michigan 


Mar. 27 Apr. 3 Apr. 10 Apr. 17 


5 New Mexico 87 85 9% 102 
x New York 0 0 0 0 


13 North Dakota 20 19 16 14 


Ohio 6 6 6 7 


0 
74 Oklahoma 163 160 168 185 
3 0 0 0 0 


Oregon 
Pennsylvania 7 


18 South Dakota 


0 Tennessee 

: S. Tex. & Guif C.— 
A wy Waters 
Tex. & Guif rr — 
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103 North Texas 


Panhandle 

East Texas 

West Central Texas 156 

West Texas 115 
Texas—Total 613 

Utah 32 

Washington 2 

West Virginia 

Wisconsin 


Wvoming 48 
Total—vU. S. 1580 
Western Canada 167 
Eastern Cafada 0 0 0 
Grand Total 174717151716. 1721 
i T T = 


Mississippi 

Missouri 

_j Montana 
Nebraska 

Nevada. 


reached 10,000 ft in 2.14 days... 
including trip time to replace bits. This 
pretty well summarizes Gulf Oil Cor- 
poration’s new drilling speed record 

which well exceeds the former speed —#an,_feb._M 
record it set late last summer when an- wae Th 
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success story is Bill rayne, now board 
chairman, who dug his first well in 
1936 on a prayer and in debt. He had 
purchased a complete rotary rig, with 
derrick and enough casing for a well 
on credit and managed a $10,000 bank 
loan . . . all without collateral. Today, 
Big Chief operates 21 drilling rigs, 
three of which are in Bolivia, South 
America. In the quarter of a century 
since that first well, Big Chief rigs have 
drilled thousands of miles of hole... 
in good times and in bad. Last March, 
the company took over the manage- 
ment of Seneca Oil Company in an- 
other step up the growth ladder. May 
its next 25 years be as productive and 
successful as the first. 


Solar: New Drilling Firm Formed 

Solar Drilling Company was re- 
cently formed according to an an- 
nouncement by David Rich, president 
of O.K. & T. Oil & Gas Company, to 
succeed the producing firm’s contract 
drilling operations. 

Headquarters are at 245 Court Ar- 
cade Bldg., Tulsa, Oklahoma. Rich is 
president of the new contracting com- 
pany and J. D. Drew is drilling super- 
intendent. 

The new company starts with three 
rotary rigs. Current plans call for two 
more rigs to be added this summer for 
work principally in the Arkoma Basin. 
A third 12,000-footer will be added 
later. Current rigs are working in the 
Kingfisher and Mocane-Laverne areas 
of Western Oklahoma and will remain 
there this year. 


Canada’s First Diesel-Electric Rig 

Cascade Drilling Company Ltd.’s 
Rig 21-E is Canada’s first diesel-elec- 
tric drilling rig. Re-powered with an 
electric drive last winter in Cascade’s 
Edmonton yard, Rig 21-E recently 
completed its second well for Canadian 
Kewanee, Ltd. in the Inverness area of 
the Swan Hills field about 150 miles 
northwest of Edmonton, Alberta. De- 
signed for 5000 to 11,000-ft drilling, 
the rig can be moved on 31 truckloads. 
Four 290-hp diesels power the genera- 
tors. 


Drilling Manual in Spanish Due 
Soon 

Volume One of a two-volume Span- 
ish language manual on oil well drill- 
ing will soon be off the press, according 
to an announcement by the Petroleum 
Extension Service, The University of 
Texas, Division of Extension, Austin, 
Texas, who produced the manual. 

Titled, “Fundamentos de Perfora- 
cion,” the two-volume manual discusses 
all phases of the drilling operation in 
a non-technical manner. Volume One 
will consist of six chapters and 250 
pages, covering history, drilling re- 


THE PETROLEUM ENGINEER, June, 1961 





quirements, how to make hole, drilling 
fluids, casing and cementing. Volume 
Two treats of such subjects as direc- 
tional drilling, fishing, well comple- 
tions, equipment maintenance and 
safety. 

Sponsoring overseas contractors are: 
Delta Drilling Company; Loffland 
Brothers Company; and International 
Brown Drilling Company. Petroleos 
Mexicanos, Shell de Venezuela, Creole 
Petroleum, Mene Grande Oil Com- 
pany and International Petroleum 
Company of Peru also supplied mate- 
rial for the two Spanish-language 
volumes. 


Falcon Seaboard Appoints 
Officers 

Theo N. Law of Houston, Texas, 
was named chairman of the board and 
chief executive officer, a newly-created 
post, of Falcon Seaboard Drilling Com- 
pany. He is founder and former presi- 
dent of the firm. 

Succeeding Law as president is J. I 
Staus, formerly executive vice presi- 
dent. C. W. Alcorn, executive vice 
president in Houston for Gulf Coast 
operations, was made board vice chair- 
man, also a new post for Falcon 
Seaboard. 


RIGS AROUND THE WORLD... 


e one of the first contract drilling companies 
to operate internationally 


rigs for every depth and formation requirement 


skilled personnel with sound management 


a logical choice for your drilling project 


i> 


Dallas 


i a 


Mississippi / New 
Costa Rica / Holland / Iraq / Libya 
Portuguese Guinea / Turkey. 


Drilexco rigs and crews are now operating 
in Alabama / California / Kansas / Louisiana 
Mexico / Texas / Brazil / 


Nigeria / 


DRILLING AND smapiapeeeamintrtans COMPANY, INC. 


600 EXCHANGE BANK BUILDING e 


FOR FURTHER INFORMATION ON 


TEXAS @ CAE DRILEX¢ 
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PARADE 





New Companies, Subsidiaries, 
and Agents 


Ingersoll-Rand Company has acquired 
the Aldrich Pump Company, producer of 
reciprocating pumps for the petroleum in- 
dustry, plastic and rubber molding, hy- 
draulic systems and general chemical 
services. Also a new wholly-owned subsid- 
iary, Ingersoll-Rand Financial Corpora- 
tion, was formed for financing the sale 
and lease of industrial machinery. 

Hagan Chemicals & Controls, Inc., 
Controls Division, appointed Bernhard 
Associates, Dallas, as manufacturer's rep- 
resentatives for the northern half of 





Macaronm 


= 
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GAS LIFT VALVE ASSEMBLY 


can be installed at any point in the 
tubing string. Any number of valves can 
be run in a given well. 


The assembly is installed by shooting 
a hole in the tubing above a collar. The 
pack-off tool containing the valve is 
then landed in the same collar. This 
places the packing above and below the 
hole. The complete tool is locked in 
— place by the upper slip assembly. 


PACK-OFF TOOL packet 7 
FOR HIGH PRESSURE LEAKS 


Provides mechanical seal to pack off a 
tubing leak. This double seal arrange- 
ment will hold 10,000 psi differential 
from either tubing or casing side. This 
pack-off assembly can also be used to 
install down hole flow control equipment. 


Texas and M. N. Dannerbaum Company, 
Houston, for the Texas Gulf Coast and 
Western Louisiana. 


Jones & Laughlin Steel Corporation, 
Wire Rope Division, named The Gate 
City Steel Company, Omaha, Nebraska, 
distributor in lowa, Nebraska, North Da- 
kota, Montana, Colorado, and Kansas. 


Otis Engineering Corporation of Dallas, 
Texas, has announced formation of a new 
subsidiary, Otis Mexicana S. A. de C. V., 
to be located in Mexico City. 


Franchisement of Moody-Price Inc., 
Baton Rouge, Louisiana, as a distributor 


for industrial tube fittings and tube-work- 





Lower 
Pack-oft ~] 








HAROLD BROWN 
COMPANY 


P. 0. Drawer 25047 


Houston 5, Texas 


Phone JAckson 6-4411 
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ing tools was announced by Parker-Han- 
nifin Corporation. 

Parker Seal Company has named Web 
Packing Company, Webster, New York, 
as a distributor to handle the O-ring line. 

United States Steel Corporation has li- 
censed Jones & Laughlin Steel Corpora- 
tion to manufacture and sell products of 
Cor-Ten steel. 

Worthington Corporation has appointed 
two new distributors of mechanical power 
transmission products: Francis H. Dean 
& Associates and Atlas Bradford Com- 
pany, Bradford Supply Division, both of 
Houston. 


Appointments and Promotions 


Armour Industrial Chemical Company 
—Robert W. Andersen named eastern re- 
gional sales representative for the petro- 
leum chemical sales division and L. E. 
Buzarde as division representative in the 
Denver area. 

American Iron & Machine Works Com- 
pany—Elmer E. Rubac named president, 

Bucyrus-Erie Company — Robert L. 
Smith, manager of sales promotion; 
Howard Freyensee, general products sales 
manager; Robert P. Brooks, large machine 
sales manager. 

Black, Sivalls & Bryson, Inc.—Edwin 
C. Young, product sales manager for mass 
flowmeters and Uniflux heating equip- 
ment; Ralph E. Stevens, product sales 
manager for oil production equipment. 

Borg-Warner Service Parts Company— 
C. Gregg Geiger, sales manager. 

Harold Brown Company — Delwin 
Stults joined company as salesman in the 
West Texas area. 

Continental-Emsco Company — W. N. 
Plamondon Jr., export sales manager 
headquartering in New York City; Rob- 
ert V. Atkinson, division drilling equip- 
ment sales engineer. 

Ideco Division, Dresser Industries, Inc. 
—Robert M. Smith, special representative 
to cover the entire North American Con- 
tinent. W. O. Cook and Gordon G. Wil- 
bur, co-managers. 

Fairbanks, Morse & Company—Arthur 
Sternberg, vice president and general man- 
ager of the electrical division; George H. 
Herrick heads divisional headquarters 
sales of large electrical machinery. 

Grove Valve and Regulator Company 
—John W. Collins elected president, for- 
merly serving as senior vice president and 
chief executive officer. Frank F. Ross and 
I, M. Dearing Jr. are new sales engineers. 

Harrisburg, Inc.—William S. Davis, 
new president. 

Hewitt-Robins Inc.—District managers: 
J. E. Van Stone, Cleveland area; R. S. 
Schuba, Detroit area. 

Industrial Filter & Pump Mfg. Com- 
pany—Richard W. Crain and John R. 
Barone named sales engineers. 

Johnston Testers, Inc.—New Texas 
sales and service engineers are: Tom Cun- 
ningham, Abilene; Bob Lee, Corpus 
Christi; Freed Little, Houston; Ralph 
Krottinger, Odessa; Bill Pyle, Pampa; and 
Horace Darnell, Wichita Falls. William C. 
Bates is export salesman. 

Koppers Co., Inc-—Henry A. Denny, 
vice president and general manager, engi- 
neering and construction division, suc- 
ceeding Dr. Walter C. Rueckel who has 
resigned; Chester E. Brown, vice president 
and general manager, tar products divi- 
sion, succeeding Fletcher L. Byrom, who 
has been elected president; and John H. 
Redmond, vice president and marketing 
manager, tar products division. 
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Morse Chain Company—In engineer- 
ing department of Ithaca, New York, 
plant: T. F. Sharpe, chief engineer; Harold 
R. Fisher, assistant chief engineer; 
George A. Zimmer, director of research; 
and Henry S. Germond, product devel- 
opment engineer. 


Nalco Chemical Company—R. E. 
Eddy, Orell Collins and P. M. Henry, in- 
dustrial division district managers. Rob- 
ert C. Davidson, technical director of the 
catalyst division. 

Owatonna Tool Company—R. N. 
Cunningham, sales engineer of precision 
hydraulics division. 

National Supply Division—Two Texas 
sales representatives transferred: Jack H. 
Romans from Lubbock to Dallas and 
Robert E. Sikes from Dallas to San An- 
tonio. Two store employees named field 
salesmen: Sherrod D. Dunn and Sherwin 
R. Papillon, both with field duties at 
Snyder, Texas. 


Rockwell Manufacturing Company— 
Thomas O. Carson, assistant vice presi- 
dent, meter and valve division sales. D. 
H. Shoemaker, regional manager, central 
region. 

Republic Flow Meters Company, Rock- 
well Manufacturing Company—A, Clark 
Daugherty, vice president; Orval W. 
R'ves, manager of instrument and con- 
trol product sales. 


Schlumberger Weli Surveying Corpora- 
tion—Alan Morazzani, Southwest area 
manager since 1959, is now president of 
Johnston Testers. He succeeds D. C. Me- 
Cann, moved to Schlumberger, Ltd. Lou- 
isiana field personnel assignments: W. H. 
Throop, location manager at Monroe, to 
Houma as motor vessel location manager; 
T. W. Cobb, Venice, to Houma as truck 
services operations; C. R. Perry, senior 
sales engineer, to Venice as manager; F. 
A. Eastman, Houma, to Monroe as loca- 
tion manager; J. S. Fischer, field engineer- 
special services at Gretna, reassigned as 
sales engineer. A. O. Phares transferred to 
North Dakota as Williston location man- 
ager. 

Security Engineering—Charles L. Foss, 
assistant to the president, John C. Helies. 
William B. Thomas, West Texas division 
manager. Texas district managers—Mack 
Harlan, Odessa; E. R. Beasley, West 
Texas; and D. M. Harrell, Corpus Christi. 


Spang & Company—Loyal B. Spang 
retired after more than 50 years of service. 


Solar Aircraft Co.—W. D. Bryson, vice 
president responsible for coordination of 
the firm’s engineering and production ac- 
tivities, formerly manager of manufac- 
turing research at Solar’s parent company, 
International Harvester. 


Southern Pipe Division, U. S. Indus- 
tries, Inc.—Charles E. Lamar, formerly 
manager of sales, now vice president of 
marketing; Gordon C, Graham, formerly 
plant manager, now vice president of 
manufacturing; James B. Strode, for- 
merly sales representative in southern 
California and Texas, now manager of the 
Hawaiian pipe manufacturing facility; and 
F. W. “Bill” Ryser, sales representative 
for oil and gas pipe in the mid-continent 
area, formerly with the supply division 
of Bethlehem Steel Company. 


Pete Sublett & Co.—As sales represen- 
tatives; George Roman, formerly with 
Vinson Supply Company and Hydril 
Company; and Larry Landers, formerly 
with Longhorn Machine Works. 


Axelson-Garrett, division of U. S. In- 
dustries, Inc. — Four promotions in the 
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sales department are: J. P. Nielsen, man- 
ager of product sales; W. K. Woodward, 
manager of sales administration; Neal V. 
Fowler, manager of industrial sales; and 
R. V. McAfee, manager of sales promo- 
tion and training. 


Oil Well Supply Division of U. S. Steel 
—George A. Hays, assistant vice presi- 
dent-solicitation; Kenton Chickering, di- 
rector-marketing services; district repre- 
sentatives Howard R. Dierking, Hill City, 
Kan. and Bruce L. Rhea, Wichita Falls, 
Tex.; Alvin J. Cobble, sales representa- 
tive in Hill City; Harry R. Brown, store 
manager at Hennessey, Okla. New field 
representatives are: B. L. Bristow, Hen- 
nessey; Herman L. Hatfield, Graham, 
Tex.; Jimmy C,. Mills, Morgan City, La.; 
Doyle E. Richeson, Lindsay, Okla.; 
Larry A. Reynolds, McCamey, Tex.; 
James R. Harris, Ponca City, Okla.; 
Ernest W. Alexander, Oklahoma City. 
Luther T. Tidwell is area manager-drilling 
equipment and waterflood pump sales. 
headquartering in Dallas. 


National Tube Division, U. S. Steel— 
New general managers are: William C. 
French Jr., sales; Paul C, Ely, operations; 
and Walter P. Rhodes, marketing. James 
G. Morrison is manager of sales, New 
York district offices. 


Welex, a division of Halliburton Com- 
pany — Three new district managers: 
Wayne F. Powers at Pasadena, Tex.; 
D. E. Williamson at Pauls Valley, Okla.; 
and K. L. Booth, Stillwater, Okla. C. E. 
Mullins, district manager, moves to Shaw- 
nee, Okla. R. K. Riggle is sales engineer 
at Beaumont. Other changes include: 
Jack Lewis, sales engineer, transfers to 
Shawnee; C, G. Hall to sales engineer at 
Stillwater; 5. R. R. Sages named field engi- 


promote and distribute them. 


contact 


Pacific Moulded Products 
905 East 59th Street 
Los Angeles, Calif. 
ADams 1-1151 








MR. OILFIELD DISTRIBUTOR: 


Our Red Dog line of stuffing box and pump packings is the 
finest made. It may be due to their patented design, or it 
may be our rubber formulation that makes them last so long. 
Whatever it is, we have testimonial letters from companies who 
have used them saying that they outlast any other packing. 


Our problem is that not enough companies have tried them. 
We're well equipped to manufacture packings, but not to 


If you are presently distributing oil well supplies on a na- 
tional basis, have the financial resources to promote a product, 
and are interested in a profitable addition to your line, please 


i Li wbm 


C. E. WILSON, Sales Mgr. 


neer, Pawhuska station; Bill Scales, sales 
engineer, to Dallas sales offices. 


General News 


B & W Incorporated has installed two 
special hydraulic presses for production 
of well completion equipment at the Tor- 
rance, Calif., facility. 

Baker Oil Tools, Inc. has opened a new 
branch office and warehouse in McComb, 
Miss. with F. T. Taylor transferred from 
West Texas to manage it. 

Harold Brown Company has acquired 
the gas lift division of McEvoy Company 

Franklin Supply Company has opened 
a new store in Poteau, Okla., with Jim 
Mitchem as store manager. 

Gulf States Tube Corporation, subsid- 
iary of Michigan Seamless Tube Co., 
opened a new $5,000,000 mill in Houston, 
to produce seamless steel tubing faster and 
with greater efficiency. 

Internuclear Company, subsidiary of 
Petrolite Corporation has formed a com- 
puter application division with E. Edward 
Mason as manager. 

Plicoflex, Inc. has absorbed the H & H 
Sales and Engineering Corporation of 
Houston, Tex. It becomes the sales divi- 
sion of Plicoflex. 

Tretolite Company of California, Div. 
of Petrolite Corporation, has completed 
a new plant in Brea which includes an 
administration building, 3 laboratory 
buildings and a complete highly mechan 
ized manufacturing section having approx- 
imately 48,000 sq ft under roof. The new 
plant’s production capability exceeds 10, 
000 drums of products monthly. 

Welex has opened a new station at 
Woodland, Calif., with sales engineer 
Billy Crice in charge. 





FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS, SEE READER SERVICE CARD 





EXPLORATION ACTIVITIES 





AUSTRALIA 


North Star Oil Company of Dallas, 
Texas, acquired Triton of Australia, 
Ltd., which holds rights to prospect 
82,000 sq miles , 52,480,000 acres) in 
Queensland. Most of the concession is 
on land, but some portions extend 
from 15 to 40 miles offshore into that 
part of the South Pacific lying within 
the Great Barrier Reef. 





CANADA 


Westates Petroleum Company was 
successful bidder on 320 acres of 
Crown leases in the Alida and Notting- 
ham fields area of Saskatchewan. Drill- 
ing is slated for mid-summer. Present 
production of 35-API gravity oil is 
from Mississippian formation. West- 
ates also acquired over 200,000 acres 
of gas leases in Alberta. 


Zapata Canadian Petroleum Corp., 
a newly-formed operating firm by 
South Penn Oil Company of Oil City, 
Penn., and Zapata Petroleum Corp. of 
Midland, Texas, owns about 185,000 
acres of partially developed gas leases 
in Western Canada. Plans call for over 
20 development and exploratory wells 
to be drilled by Zapata Canadian in 
the current year. 


FLORIDA 


Gulf Oil Corporation and The Cali- 
fornia Company recently began drill- 
ing operations on a new wildcat test 
off the southwest coast of Florida. Lo- 
cation is the No. | Marquesas OCS 
Block 46, approximately 44 miles west- 
southwest of Key West. The well is 
being drilled in 55-60 ft of water by 
The Offshore Company’s Rig 52, a 
self-contained mobile drilling _plat- 
form. Gulf is the operator, and Key 
West is base of operations. 

This is the third wildcat for Gulf 
and Calco on the Federal leases since 
they were acquired in August 1959. 
Both previous tests were dry. 


GREECE 


Greek Parliament ratified five pe- 
troleum exploration and development 
agreements. Hunt International Petro- 


leum Company, Dallas, Texas, will 
spend $6.4 million over an 8-year 
period. Drilling and other equipment 
has arrived in Thessalonili for imme- 
diate work. The Rumanian Govern- 
ment oil interests supervised by Greek 
experts will conduct its search in cen- 
tral Greece. The Institute Francais du 
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Petrole’s agreement calls for explora- 
tion in northern Greece. Aetolike Pe- 
troleum Company and Helios S.A. in 
a joint venture with the French firm 
Regie Autonome des Petroles de 
France (RAP) hold the remaining 
agreements. 


IRAN 


A new oil field has been confirmed 
in Iran by the completion of Iranian 
Oil Exploration and Producing Com- 
pany’s Ahwaz Well No. 8 recently 
tested. No production test data were 
given on the confirmation well located 
some 16 miles from the original Ahwaz 
Well No. 6 which discovered a new 
reservoir. 

Seismic Party I finished field work 
Southeast of Gachsaran where drilling 
continues of Wells 33 and 34. Party II 
continues its survey in the Lishtar area. 
Also, three topographic parties con- 
tinue operations. 


IRELAND 


An association of three U.S. oil 
companies will explore for oil and gas 
throughout the Republic of Ireland. 
The associates are Ambassador Oil 
Corp., Ft. Worth, Texas, Continental 
Oil Company, Houston, and The Ohio 
Oil Company, Findlay, Ohio. Ambas- 
sador negotiated an exclusive explora- 
tion agreement with the Irish govern- 
ment in 1960. Participation by Con- 
tinental and Ohio Oii is subject to ap- 
proval by Ireland; Ambassador will be 
the operator. The contract covers all 
of the Republic... about 20 million 
acres onshore and offshore. 


LIBYA 


Oasis Oil Company of Libya, Inc., 
announced a new oil discovery in Con- 
cession 26. The Company’s D1-26 well, 
bottomed at 4300 ft, swabbed 25 to 50 
bbl per hr of 33-API gravity oil. This 
is the second discovery in Concession 
26. The first, the A1l-26, is located 77 
miles southeast of the second discovery 
weil. Oasis is a subsidiary of and oper- 
ator in Libya for Continental Oil Com- 
pany of Libya, Amerada Petroleum 
Corporation of Libya, and Ohio Oil 
International of Libya, Inc. These 
three companies jointly hold conces- 
sions totaling over 53 million acres. 
Discoveries have been made on three of 
these concessions. 

Phillips Petroleum Company’s 
Libyan subsidiary has obtained full 
interest in three concessions totaling 
some 2.542 million acres. Two conces- 


sions are in Zone 1 of Central Libya. 
The third concession is in Zone 4 near 
the Tunisian border and within the 
Sahara Basin. 


LOUISIANA 


Union Oil Company of California 
has discovered a major gas-condensate 
field in central Terrebonne Parish. The 
new field, North Pagie Lake, is 64 
miles southwest of New Orleans and 
about 32 miles from Houma. 

Multiple pay zones of exceptional 
thickness were logged in the Miocene 
formation between 11,000 and 14,800 
ft. Union has drilled four wells on its 
6880-acre lease surrounding the dis- 
covery, and will continue development. 
Potential tests were not reported, but 
it was stated that preliminary reserve 
estimates along with several other 
lesser discoveries will increase Union’s 
gas reserves by 25% in the Gulf Coast. 
Over half of the company’s reserves 
are located in the coastal area. 





NEW MEXICO 


A new oil discovery was indicated 
13%4 miles north of the Horseshoe field 
in San Juan County where Paul F. 
Rutledge’s No. 1 Navajo-Ute-A showed 
an oil fillup during a shut-in period. 
About 500 ft of free oil filled the hole 
which had a total depth of 1734 ft in 
the Lower Mancos zone. Key forma- 
tion tops are as follows: the Upper 
Tocito at 1480 ft; the Lower Tocito at 
1610 ft; and the Sanstee at 1616 ft. 
This discovery well is separated from 
the Horseshoe field by a dry hole. 

In Lea County, El Paso Natural 
Gas Company’s No. 1 Mescalero Unit, 
a discovery well located 344 miles 
southeast of the Buffalo area, flowed 
3.1 million cu ft of gas per day with 
18 bbl of distillate in 5 hours from the 
Morrow formation through perfora- 
tions at 13,430-442 ft. Previously, 
Morrow perforations at 13,201-212 ft 
flowed 7 million cu ft daily on a %-in. 
choke. 





OKLAHOMA 


Pan American Petroleum Corp. dis- 
covered prolific gas production from 
the Meramec formation in East Camp- 
bell Pool of Major County from perfo- 
ration at 7090-7094 ft. On test, Pan 
Am’s No. 1-C Barnes Unit flowed 6.2 
million cu ft of gas per day on a %-in. 
choke with tubing flowing pressure of 
1100 psi and casing pressure at 1600 
psi. The Hunton lime is old field pay 
zone. 
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Oregon’s House of Representatives 
approved HB 1532 authorizing oil and 
gas leasing on the state’s tide and sub- 
merged lands. The bill was sent to the 
House floor by the Natural Resources 
Committee following a meeting late in 
April held in Coos Bay. Industry and 
government leasing authorities ac- 
claimed Oregon’s proposed offshore 
leasing law as one of the “soundest 
ever drafted.” 


SOUTH WEST AFRICA 


Texas Eastern Transmission Corp. 
of Houston, has begun intensified oil 
and gas exploration on a 56-million 
acre concession in the Territory of 
South West Africa. Preliminary geo- 
logical reconnaisance reveal much of 
the concession lies in a basin of marine 
sediments. Etosha Petroleum Com- 
pany, a wholly-owned subsidiary of 
Texas Eastern, is directly in charge of 
the operation. A contract was awarded 
Hunting Surveys, Ltd. of London, to 
conduct detailed flying magnetometer 
surveys of the concession which covers 
some 90,000 sq miles along the north- 
ern boundary of South West Africa. 
Nearest production is in Angola, ad- 
joining the concession on the north. 





TRINIDAD AND TOBAGO 


British Petroleum Company, Ltd., 
has reached agreement to acquire Kern 
Oilfields, Ltd., the third Trinidad oil 
company taken over by BP since 1956. 





Dominion Oil Company has been 
granted an exploration license cover- 
ing about 100,000 acres of offshore 
waters of the Atlantic coast beyond 
the 3-mile limit. 


CALIFORNIA 


Occidental Petroleum Corporation 
completed a new field discovery gas 
well in the West Butte area of Sutter 
County which in a completion test 
flowed from four intervals at a stabil- 
ized rate of 2,271,000 cu ft of gas per 
day. This is the fourth major discovery 
well drilled by Occidental in the past 
four months. 

The wildcat, Standard Browning 
No. 1, was drilled under a 50-50 work- 
ing interest agreement with Standard 
Oil Company of California in this and 
all other successful wells drilled on a 
lease block of approximately 17,000 
acres. Future drilling on an anticipated 
160-acre block pattern will be at ap- 
proximately 100 locations. 

Gas flowed through a_ 15/64-in. 
bean with 1275 psi on the tubing and 
1460 psi on the casing. 
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how to find a 27-inch 


oll field at G67GO feet... 


(San Patricio County, Texas)— Core analysis of side wall 
samples pinpointed a thin (27”) oil column, among water-bear- 
ing massive sands, which is producing oil at commercial rates. 


The more you see, the more you learn — but, if no conventional 
cores are taken, then an analysis of side wall samples is cer- 
tainly better than no analysis at all. In this case, the operator’s 
decision to spend a few more dollars on core analysis resulted in 
the discovery of an oil field — after negative reports from other 


formation evaluation methods. 


Did you core and analyze your last “dry” hole? If not, are you 


positive you didn’t miss something? 


Core Analysis is not a luxury. The absence of it is. 








> 
Core Analysis Brochures are immediately 
available. Please make request on your 
company letterhead and include name of 7 a 
magazine in which this ad appears 

















CORE LABORATORIES, Inc. 


RE As 


BOX 101865 DALLAS 7? TEXAS USA + CABLE ADDRESS 


UNITED STATES CANADA SOUTH AMERICA euvuRrF 














FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS. SEE READER SERVICE CARD 




















“Every dollar in 


The UNIBOLT WING VALVE 
was designed originally as an “ad- 
justable choke” for Christmas tree 
service. It is performing that job 
with distinction everywhere. 

However, production men have 
found so many other uses for this 
wing valve that it is losing its orig- 
inal identity and is now regarded 
as an excellent multi-purpose 
valve! 

Gas meter runs are one good 


example of this valve’s versatility. 


. take these 


our production budget is doing 
a man-size job 
Unibolt Valves, for instance” 


It is equally popular on oil gather- 
ing manifolds, waterflood injec- 
tion manifolds, heater-treaters, 
and a wide range of special valve 
applications. The one-inch open- 
ing in the UNIBOLT Valve will 
usually pass a far greater volume 
of gas than can be produced. Un- 
like conventional single purpose 
gate and plug valves, the UNI- 
BOLT Valve offers a number of 
advantages: Conversion to posi- 


tive choke or Pressurematic 


Valve, completely salvageable, 
easily renewable parts, and selec- 
tive trims. 

Make every dollar in your pro- 
duction equipment budget do a 
man-size job, too! UNIBOLT 
Valves, Fittings, and Couplings 
are made for you with that in 


mind. 


Bi. 


* . fy & 
 & ES! 


= Bu * 


THORNHILL CRAVER Co. 


P. O. Box 1184, Houston, Texas 











THE GEODRIL 
MODEL G COMPACT 
AUTOMATIC DRILLING CONTROL 
GIVES YOU: 


¢ Longer Bit Life 

¢ Better Coring and Reaming 

¢ Straighter Hole 

¢ Reduction in Twist-Offs 
SAVES YOU: 

¢ Costly Downtime 

¢ Equipment Wear 

¢ Time to Contract Depth 

¢ Dollars per Day 

Considerable savings to 
the contractor in both time 
and money can be obtained 
through any of these. 

Today’s highly com- 
petitive drilling situation 
makes it essential that the 
optimum drilling rate be 
maintained from grass roots 
to total depth. The Model 
G Geodril Automatic Driller 
provides this assurance 
while maintaining safe, 
reliable control of the brake 
at all times. 

If you want more hole 
per dollar, contact your 
nearby Geolograph Oil Field 
Services Office. Ask for 
Catalog 223. 


GEOLOGRAPH 


Oll FIELD SERVICES 
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and eliminate expensive 
repair bills! . . . with 


WILSON 
GIANT SLUSH PUMP 


ed 


e@ Chain Drive @ Light Weight @ High 
Speed e@ Fabricated Plate Steel Case 
@ Can be used efficiently on any work 
from 300 to 600 Horsepower @ Lightest 
Weight, only 33 pounds per horsepower 


WILSON MFG. CO., INC. 


Wichita Falls, Texas @ The Home of RED IRON 


“ee |) 


Winchmobiles Traveling Blocks Speedwinches 


| 


a 
A 
5 ¢ 


be ce 
POP age \ — 


3000’ to 25000’ capacity Rigs 


fase 


Slush Pumps 


OSR-21 


NEW 


SYNTHETIC RUBBER 
SUCKER ROD 
GUIDES 
are saving producers 
thousands of dollars in 


workover fees and equioment 


replacement costs. 


These patented Snap-On 
Guides are fully described 
in Bulletin No. 81 


Get size, price and 
installation data free of 
charge. 


WRITE FOR 


BULLETIN 
NO. 81 


“Oil FIELD RUBBER 
PRODUCTS OF MATCHLESS 
QUALITY” 


OIL STATES 
RUBBER CO. 


DRAWER 152 
ARLINGTON, TEXAS 


FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS. SEE READER SERVICE CARI 





NEW! 
LOW COST 
PORTABLE 

SEISMIC 


NEL GEOCHRONE 


measures depth of overburden— quickly, accurately 


The GEOCHRONE is a portable seismic unit intended for 
shallow subsurface explorations. Principle of operation is 
based upon the conventional seismic technique of timing 
shock wave propagation. In most cases a ten-pound 
sledge hammer is an adequate shock source for explora- 
tions down to 50 feet. Mild explosives can be used for 
deeper studies. 

The GEOCHRONE is being used in increasingly wider 
ranges of applications. In addition to the primary function 
of determining depth to bedrock, it can also be used to 
determine depth to water 

tables or permafrost. 

Many contractors are 

using it to determine rip- 

pability of materials. It is 

even being used to locate 

alluvial gold deposits. 

This versatile instrument 

is currently available at 

$750 F.O.B. Washington, 

D.C. For additional infor- 

mation contact: Dept. PE 


NATIONAL ELECTRONICS DIVISION 
THIOKOL CHEMICAL CORPORATION 
1713 Kalorama Road, N. W. Washington, D. C. 
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C.A. 


FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS, SEE READER SERVICE CARD 


Free Circular 
Slide Rule 


... available to tell 
corrosion engineers 
how much pipe line 
outer wrap is need- 
ed for any job, the 
total cost of ma- 
terial, and how he 
can save from $18 
to $155 per mile by 
specifying Fiber- 
glas outer wrap. 
The circular calcu- 
lator, which is 612 
in. in diam, is avail- 
able from Owens- 
Corning Fiberglas 
Corp. 
Circle number 

(22) on reply card. 


Full Production Automation 


...Or any phase from the wellhead to satellite stations and 
beyond is the over-all theme of Parson’s 22-page four-color 
handbook. The engineering company’s progressive plan of pro- 
duction automation is revealed in a three-page fold out flow 
diagram that takes the main flow stream from the wellhead 
through all handling and treating facilities including satellite sta- 
tions on to the pipeline, showing how data processing fits into 
the plan. The firm’s facilities for pipeline and process plant auto- 
mation are briefly presented. Electronics Division, The Ralph M. 
Parsons Company. 
Circle number (23) on reply card. 


Drillers and Producers Choose... 


Malhey REELS 


Many 
Combinations 
of Sizes, 
Drives 
and 
Power 


Mathey Measuring Line Reels for bottom hole 
pressures, temperature surveys, deviation tests, 
calipering, paraffin cutting, sampling and many 
other wire line jobs. Mathey Reels are designed 
to meet your requirements of line speed, line 
pull, spool capacity and type of power. Special 
reels are engineered and manufactured to your 
specifications. 


Call or Write for Further Information 


MACHINE WORKS, INC. 


212 S. Frankfort Tulsa, Okla. @ Box 1159 @ LUther 7-3311 
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iT COSTS 
YOU LESS 
THAT WAY 


| MARTIN RUBBER & 
DUCK RINGS give excellent 
life in dirty abrasive fluids 
. .. high or low gravity ... 
much or little water ° 
shallow or deep wells. They 
last for years in the easier 
pumping wells. Replacement 
rings cost comparatively little. 


| MARTIN PLUNGER BOD- 
IES, precision grooved, drilled 
and threaded (no underneath 
fluid passage), usually last for 
years. Tube or barrel costs are 
often cut in half. 


’ The replaceable SYNTHET- 
IC RUBBER GUIDES in MAR- 
TIN CAGES last longer than 
any metal, and the cushioning 
of the ball increases your ball 
& seat life. Results are often 
truly amazing. (Patent No. 
2,591,174) 


Write for our new catalog 
or see it in the Composite 
(24th Edition). All prod- 
ucts sold thru supply com- 
panies. 
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Multi-Frac-Notch Cutters 

... Utilizing an improved single-plane 
entry method of fracture initiation for 
hydraulic fracturing described in McCul- 
lough Tool’s 4-page Technical Service 
Report, T-4101. It illustrates a new cutting 
process to cut and fracture the formation 
on a horizontal plane as much as 15 in. 
deep outside the casing. McCullough Tool 
Company. 

Circle number (24) on reply card. 


Spark Ignition Conversion 


... from two-cycle diesel to straight natu- 
ral gas fuel on General Motors Series 71 
diesels described as an all new develop- 
ment by Stewart & Stevenson. Perfor- 
mance curves on 12 new spark-ignited 
models from 50 to 1400 hp are listed in 
the description folder and data sheets. 
Performance curves include torque, inter- 
mittent and continuous brake hp at vari- 
ous engine speeds for given models 
equipped with the Spark Ignition Con- 
version Kit. Stewart & Stevenson, Inc. 
Circle number (25) on reply card. 


Single Point Fracing 


... and how to prepare the formation for 
this technique of stimulation is the sub- 
ject of brochure by Baash-Ross Division. 
It includes case histories of fields where 
this advanced and highly successful pro- 
duction stimulation has been used. The 
publication gives the theory on which the 
single-point entry or “formation notching” 
technique is based, describes the tools and 
methods used in certain Rocky Mountain 
fields. Baash-Ross Division of Joy Manu- 
facturing Company. 
Circle number (26) on reply card. 


Gelled Water for Fracing 


... iS given technical analyzing in Western 
Company’s new handbook titled “Gelled 
Water.” Not only are all engineering data 
presented including the J-2 gel additive, 
viscosity, internal breakers, fluid loss pro- 
perty, sand carrying ability, and other 
data, but also charts to determine friction 
losses through various sized tubing, cas- 
ing, and tubing-casing annulus at various 
injection rates for water, 40-Ib J-2 and 
10-Ib J-2. The Western Company. 
Circle number (27) on reply card. 


Fluid End Pump Parts 


... for slush pumps are listed in National 
Supply’s Bulletin 523, which includes a 
detailed description of the super dual 
seal piston. The 8-page booklet also gives 
installation and maintenance tips for 
National liners, valves, seats. pistons nd 
piston rods. It features the G-2 fluid valves 
and seats with recent refinements in design 
for improved performance, longer life. 
National Supply Division, Armco Steel 
Cornoration. 
Circle number (28) on reply card. 


Portable Gasoline Plant 


... that can handle up to 200 bbl per day 
of crude oil (35 API gravity or higher) 
to produce gasoline, diesel fuel and 
residual fuel oil is outlined in a new bul- 
letin. The brochure shows how the unit 
can be transported and easily set up for 
semi-automatic operations even in foreign 
drilling operations in remote areas where 
fuel must be hauled in at considerable 
cost. Williams Brothers. 
Circle number (29) on reply card. 
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Nowadays 


to make a 


PROFIT 


You've Got’ to/Cut 
a BY s 

vy tS 
For Deep Production 


Or Shallow 


METAL BMW 

PUMP NU-TEX 
ee 

Price v 


$54/ 37 £79556 
(2) Production 
[2 Bbls—87 
(3)Repair Cost 
*/4-7,80 61.50 
®Pulling Cost 
os ~ SAME 


@©Pumping Power 
SAME 


Cost 


Adds up to 


PROFIT 


Multiplied by number 
of wells on your lease. 
and don’t throw away 
your old pump... 

CONVERT IT! 
Specify only BMW at 
your Supply Store. 


The only 


(orcas —_—- ee © os 


: 


etd » hb btn hin bho honancnae ck. 


manta) a 


turer of Soft Packed 


Pumps Exclusively 


BRADFORD MOTOR WORKS 
General Office and Factory 
Bradford, Pennsylvania 
Branch Office and Factory 
Tulsa, Oklahoma 


Excell Specialty Co 
Edmonton, Alberta, Can 


ADVERTISED PRODUCTS, SEE READER SERVICE CARD 


B-121 


Warehouse 
Odessa, Texas 





Casing Fact File 


.. on Youngstown’s orange band extreme 
line casing has data on available sizes 
from 5%4-in. to 9%-in. OD for deep, high- 
pressure wells. Dimensions and perfor- 
mance properties are contained in a two- 
page easy-to-read chart, part of the 8-page 
file folder. Clear cut-away drawings and 
technical data on J-55, N-80 and P-110 
casing indicate the integral joints are 20- 
30% stronger than API long threads and 
couplings. Youngstown Sheet and Tube 
Company. 

Circle number (30) on reply card. 


Waterflood Rate Calculator 

.. gives flow rate values on a wallet-size, 
plastic Reddi-Rate Table that permits 
rapid calculation of waterflood flow rates. 
Meter registrations for Rockwell's 504 


MUD BILL SLASHED 


12,000." 


Five Pointer Meter are converted into bbl 
per day from 144 to 720 bbl per day. 
These registers have sweep hands with dial 
readings graduated for 1/10-b5] input per 
revolution. By timing the number of 
seconds per revolution, a quick glance at 
the Reddi-Rate Setting Tables gives the 
flow rate in bbl per day. Rockwell Manu- 
facturing Company, Petroleum and Indus- 
trial Meter Division. 
Circle number (31) on reply card. 


Frictional Tubing Anchor 

... that is compensating and hydraulically 
operated is detailed in a new brochure by 
McGaffey-Taylor Division of Eastman 
Oil Well Survey Company. Principle of 
operation of the wickered slips is described 
along with basis of design, including a 
% line drawing which illustrates internal 
construction and operation. Data and 
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verbatim quote by mud engineer 


WELL #1 


In Galveston County, Texas, a 
major producing company 
drilled a virtually trouble- 
free well. 453 bags of lost 
circulation material used, of 
which Pheno-Seal comprised 
42% Mud weight reached 
17.4 at TO or 15,200 ft. 
Production string set and 
well completed without trou- 
ble. Conclusion exclusive 
Pheno-Seal trial definitely 
warranted 


WELL #2 
Three miles away, same com- 
pany went to 100% Phen- 
Seal. Mud weight reached 
17.9 at TD or 15,500 ft. No 
trouble logging, including 
wire line. Ran pipe no trow- 
ble. Less protection pipe, 
higher mud weight and great- 
er depth in same formation 
as #1. 31% less lost cir- 
culation material used. Mud 
bill reduced over $12,000.00. 


FIELD-PROVEN PHENO-SEAL 

© Non-Fiuorescing 

@ Will not harm pumps and 
valves 

© 35,000 P.S.1. compressive 
strength 

© Chemically inert — unaf- 
fected by temperatures, 
acids and alkalies 
Reduces friction 
Mixes easily with all 
types of muds 
Available through your 
mud dealer 


specifications are given for various casing 
sizes from 4%4-in. to 9%-in. for tubing 
sizes from 2-in. EU to 3-in. EU, 8 rounded 
thread. Eastman Oil Well Survey Com- 
pany. 

Circle number (32) on reply card. 


Drill Pipe Field Tested 


...by Tuboscope’s Sonoscope, electro- 
magnetic used pipe inspection service is 
described in a 4-page bulletin which 
illustrates many in-service defects. Field 
procedures, principle of unit’s operation 
and some results are given. Tubescope’s 
Amalog plant inspection service is also 
described to check new drill pipe at both 
the plant and in the field. Tuboscope 
Company. 
Circle number (33) on reply card. 


300 PSI Liquid Level Gage 


... designed for high pressures described 
in Varec’s Bulletin CP3709. Schemmatic 
diagrams and descriptions tell how the 
new Dynamatic liquid level gage works 
and its principle of operation. Drawings 
show operation of gage head components 
that permit calibration to 1/16 in. The 
Vapor Recovery Systems Company. 
Circle number (34) on reply card. 


Slim-Hole Subsurface Pumps 

.by D&B for 1%-in., 1%-in., and 
134-in. nominal ID described in new Con- 
tinental-Emsco bulletin. Standard pump 
assemblies are shown including tubing 
size and pump bore, type of pump and 
material used in barrel tube, plunger, 
cages, balls and seats. Also contains stroke 
length data, seating shoe, nipple and ring 
specifications, D&B slim-hole pumps and 
tubular specifications. Continental-Emsco 
Company. 

Circle number (35) on reply card. 


Sucker Rod Handbook 


. available from W. C. Norris pre- 
sents the company’s line of sucker rods 
and includes many tables and nomograms 
useful in pumping well calculations: pro- 
duction charts, maximum well loads, fluid 
and sucker rod weight, tapered strings, 
impulse factors, maximum polished rod 
loads, stress limits, tubing stretch, sucker 
rod stretch, plunger overtravel, and syn- 
chronous pumping speeds. W. C. Norris, 
Manufacturer. 

Circle number (36) on reply card. 


Downhole Hydraulic Pumping 


.. with a fixed type and the Kobe Free 
Pump are explained in detail in a 36-page 
catalog “Hydraulic Pumping Systems.” 
All components of both types are included 
and each element is illustrated with cut- 
away drawings of the subsurface pumping 
units, exploded views of surface power 
equipment. controls. wellhead, tools and 
service facilities. Included are pump selec- 
tion tables. Kobe, Inc. 

Circle number (37) on reply card. 


Dowell Services and Products 
...for the oil industry is a complete 


catalog issued by Dowell on its fracturing, 
acidizing, cementing, and specialized serv- 
ices and products. The 13-page handbook 
is the most comprehensive description of 
Dowell’s oil field activities ever published. 
Each service is briefly explained and what 
Dowell service means. A “fact file” folder 
on the company’s products not only lists 
what it is, what it does, where it is used, 
advantages, physical properties and how 
to use the material, but it also includes 
case histories. Dowell Division, Dow 
Chemical Company. 
Circle number (38) on reply card. 








A 12-page brochure on Pheno-Seal is 
available at your request. Just write... 


MONTELLO, INC. 
Box 5334 Tulsa, Oklahoma 
Sales Representatives— 


Pheno-Seal Sales Co. Circulation, Inc. 
McAllen, Texas MU 6-3943 Borger, Texas 
Lafayette, La CE 5-6945 Pampa, Texas 


BR 4-3033 
MO 4-2671 


FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS, SEE READER SERVICE CARD 
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RUNNING TOUR with 
MEN in the INDUSTRY 





> R. L. Adams has been promoted gen- 
eral manager of Continental Oil Com- 
pany’s western region succeeding J. P. 
Malott, vice president and general man- 
ager of production. Succeeding Adams as 
production manager for the CATC marine 
region is F. T. O’Leary, formerly regional 
superintendent of natural gasoline and gas 
operations; Donald W. Buchanan is cen- 
tral region assistant production manager, 
was formerly superintendent, Illinois 
Basin district. 


> Stanford O. Tostengard, formerly fore- 
man of Gulf Refining Company’s Leesville 
area, was appointed district superintendent 
for the New Orleans district. He suc- 
ceeded J. A. Brown, now retired after 
more than 40 years with Gulf. 


> Jake L. Hamon, Dallas independent, 
has been named a member of new 
National Petroleum Council committee 
to determine domestic productive capacity 
of petrochemicals. Committee chairmen 
are: Bruce X. Brown, New Orleans con- 
sultant, and Thomas A. Peake, Interior 
Department representative. 


> Dr. Bruce C. Netschert, economic and 
management consultant in Washington, 
and long-time government and industry 
consultant on petroleum economics, 
received TIPRO’S annual “Hat’s Off” 
award for “his basic research into Amer- 
ica’s energy capabilities which ranks as 
a vital contribution to the industry, gov- 
ernment and national defense.” 


> John G. Yeager has been appointed 
manager of the crude oil department of 
Humble Oil & Refining Company’s Hum- 
ble Division, succeeding J. C. Posgate, 
now manager of the Midland area. 
Yeager’s former position was assistant 
division superintendent of the Eastern 
division. 


> Humble Oil and Refining Company an- 
nounced organization of new.natural gas 
division. Three coordinators assist the gen- 
eral and division managers. They are: 
W. D. Moore—economics and planning 
coordinator, formerly senior supervising 
engineer of long-range planning in the 
production department; W. E. Curry Jr.— 
negotiating and marketing coordinator, 
formerly contract supervisor in the gas 
department, and J. R. Suman Jr.—supply 











SECONDARY RECOVERY 


@oreum ENGINe> 
” 
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STEPHENS ENGINEERING 
a raccs. Te 


RESERVOIR ENGINEERING 
Water Flooding Gas Repressuring 
EVALUATION CORE ANALYSIS 
SURVEYS ECONOMICS 
Cost Estimates, Design, Installation 
FIELD SUPERVISION 
Phone 723-2167 
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= NOW “STANDARD” INALL 
Verli-Line Pumps 


Again Layne & Bowler sets new stand- 


_ards of quality construction for the 
| pump industry .../onger-life Molybde- 


num-lron is now “standard” construc- 
tion —at no extra cost —in ALL “Verti- 
Line” pump cases and other cast iron 


parts! 
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GREY IRON 
4 advantage! 


> These “Fractures” (views across fractured 
surfaces) clearly show the much coarser 
grain of gray iron (left) vs. the uniformly 
fine grain of “Moly” iron (right.) Although 
Layne & Bowler’s fine-grained “Moly” iron 
assures much longer pump life than the gray 
iron used in other pumps, you now pay noth- 
ing extra for this important “Verti-Line” 


‘*Moly” iron has a more uniform 
grain structure, is far more corrosion 
resistant than is the gray iron normally 
used in pump construction. Therefore, 
you get longer operating life, lower 
maintenance costs, when you specify 


Layne & Bowler “Verti-Line” Pumps! 


Ge FR Ree oe oP Oe eee ee ee oe ee ae en ee ee oe ee 


COMPARE! 


& These Photomicrographs, both made at 
exactly the same enlargement (100x), show 
the structure of gray iron (left) vs. “Moly” 
iron (right). Note the long “stringers” of soft 
graphite characteristic of gray iron— 
stringers that weaken the metal and lead to 
early breakdown of the iron matrix. Note 
(right) how “Moly” iron is far more homo- 
geneous, with uniform distribution of the 
iron matrix for longer pump life. 


>’ 


MOLY IRON 


MOLY IRON 


Layne & Bowler has its own modern 
foundry—therefore can standardize its 
foundry runs to “Moly” iron techniques 


| at no extra cost to you. 


And if your operations are extra tough, 
“Verti-Line” pumps are available in 
special “Moly” irons having a Brinell 
as high as 350... a Tensile as high as 
50,000 psi! 


Remember — “Moly” iron is just one of many major 
pump advancements built into every “Verti-Line” pump 
— advancements that assure top performance for your 
pump dollar when you specify “Verti-Line” Pumps! 


For more details on the many “Verti-Line” 
advantages, write for Bulletin #200. 


Verti-Line Pumps are exclusive products of 
LAYNE & BOWLER PUMP COMPANY 
LOS ANGELES 22 
New York 20,N.Y.* Chicago, Ili. * Hastings, Neb. * Monroe, La 


Farwell, Texas 


FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS, SEE READER SERVICE CARD 


Twin Falis, |daho °* 


Fresno, Calif 
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and Federal Power Commission coordi- 
nator, formerly coordinator in the gas 
department. K. R. Dailey has joined Hum- 
ble’s headquarters organization as assist- 
ant manager of the employee relations de- 
partment. J. N. Gorringe is also assistant 
manager, and David F. Edwards is man- 
ager 


p> Henry A. Pate, formerly office manager 
for the Argentine branch of Kermac 
Drilling Company of Venezuela, C. A.., 
Mendoza, Argentina, has been made man- 
ager of foreign accounting for Kerr- 
McGee Oil Industries, Inc 


> P. M. Konkel, assistant chief geologist 
for The Ohio Oil Company at its domestic 
production headquarters in Findlay, Ohio, 
will become division geologist in the 
newly-expanded Tulsa, Okla., production 
division in July. Named to positions of 


Carbon-Manganese fully 
normalized. For heavy 
duty where corrosion is 
not a major problem. 


Nickel-Molybdenum AlI- 


loy. Normalized 


and TPE] 


tempered. For heavy 
duty pumping in medi- 


um corrosive conditions. 


senior staff geologist in the Tulsa divi- 
sion are R. K. Bowles, geologist in Tulsa, 
and R. A. Koenig, Shreveport geologist. 

Major personnel shifts, resulting from 
the recently-announced consolidation of 
the Ohio Oil Shreveport, La., production 
division with the Tulsa production divi- 
sion, have been made. Shreveport division 
men transferring to the Tulsa division 
and serving in their same capacities are: 
G. R. Baldwin, landman; D. W. Akins Jr., 
petroleum engineer; R. H. Trace, person- 
nel supervisor—assisted by A. L. Grandi, 
now Tulsa personnel supervisor; F. W. 
Findley, safety engineer; D. E. Klammer, 
tax agent; F. C. Crawford, assistant man- 
ager; and W. B. Berwald, production 
manager. 

Other men to be serving the Tulsa divi- 
sion are: R. J. Grubb, now acting Tulsa 
landman, will become assistant landman; 


Nickel-Chromium-Moly- 
bdenum Steel, normal- 
ized and tempered. For 
extremely heavy duty in 
medium corrosive fluids. 


Carbon-Chromium- Mo- 
lybdenum Boron Alloy, 
normalized and temper- 
ed. For heavy duty 
pumping in non-corro- 
sive or inhibited fluids. 


Write for prices and complete literature today! 


BUY FROM YOUR NORRIS DISTRIBUTOR 


W. C. NORRIS DIVISION 


CORPORATION 


P.0.80X1739 + TULSA, OKLA, 
BRANCHES: Great Bend, Hous 
ton, Kilgore, Odessa, Wichito 
Folls, Salem, Casper, Farmington 


FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS, SEE READER SERVICE CARD 


F. V. Kluck, assistant petroleum engineer; 
L. F. Willhite, now on loan by Ohio Oil 
to Oasis Oil Co. of Libya, Inc., in Tripoli, 
will be division controller; W. C. Sylves- 
ter, assistant petroleum engineer and as- 
sistant production manager; H. N. Lewis, 
production superintendent, and H. H. 
Harris, attorney, will continue in same 
capacities. J. S. Leonard, Tulsa manager, 
will assume an executive position at the 
Ohio Oil domestic production headquar- 
ters in Findlay, Ohio. 


> John S. Russell, operations superintend- 
ent in the Midland, Texas, division of 
Mobil Oil Co., has been named manager 
of production of the Los Angeles explora- 
tion and producing division. He succeeded 
R. O. Swayze, retired. John O. Hills, for- 
merly division controller of the Los An- 
geles exploration and producing division, 
replaced Russell in Midland. 


> Cliff C. Ditzler replaced M. P. “Pete” 
Kilgore, resigned, as production foreman 
in the Natchez district for Marlin Explo- 
ration, Inc. and Petersen Drilling Com- 
pany, Inc. He has been in the drilling de- 
partment of the company for seven years. 


> Carl W. Krouse, Houston division 
landman for The Ohio Oil Company, has 
retired. E. L. Smith, district landman at 
Midland, succeeded him. 


> Hubert Guyod and John A. Pranglin 
have opened their consulting office at 
4801 Richmond Ave., Houston, Texas. 
They will specialize in domestic and for- 
eign well log analysis. Guyod is well log- 
ging consultant with Electro-Tech Labs 
Division, Mandrel Industries, and Prang- 
lin has been in research on interpretation 
of the Nuclear Magnetism Log for Byron 
Jackson Division, Borg-Warner Corp. 


> Ernest B. Blease has been elected vice 
president of Northern Natural Gas Co. 
He was director of rate and budget for the 
company before his recent election. 


> Dr. William E. Bradley, director of re- 
search for Union Oil Company of Cali- 
fornia, has been elected a vice president. 
He has obtained patents on various petro- 
leum processes and products and authored 
numerous scientific papers. 


> J. C. Posgate, area manager, an- 
nounced the lateral transfer of Permian 
Basin operating personnel to Humble Oil 
& Refining Companv’s Monterey division 
into the company’s Midland area organi- 
zation. Former Monterey personnel 
joining Midland area’s production and ex- 
ploration activities headed by Posgate 
are: R. R. MeCarty — area production 
manager, and R. W. Bybee—exploration 
manager. J. J. O’Brien, H. L. Hensley, 
and J. S. Boldrick are operations suner- 
intendents. In exnloration. Charles J, Cerf 
joined staff of L. W. Sewell, Midland 
area landman. 


> Jersev Production Research Company 
has re-elected R. C. Cwrtis, president. FE. 
C. Holmer and F. W. Johnson, vice presi- 
dents. 


>» Atlantic Refining Company announced 
a maior reorganization program of its 
domestic nroducing department to elimi- 
nate duplication, communication, and 
place decision-making closer to work. 
Each district will have a manager renort- 
ing directlv to a regional manager. Louis 
F. Davis has been named general man- 
ager of the denartment: F. W. Turner, 
manager of Eastern region; and Robert T. 
Cox, manager of Western region. 
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Procon-built 
“HF” Alkylation unit 


... on-stream 
ahead of schedule 


Maintaining schedule during the construction of 
a processing unit requires the precise co-ordination 
and timing of a series of design, engineering, 
procurement and construction details. But to 
complete ahead of schedule requires the extras in 
experience ...in judgement, that save minutes 
and days. A right decision . . . a proper procedure 
. a new technique, these are the experience 
factors that help PROCON build better and on time. 
Procon completed this ‘““HF”’ Alkylation unit, built for 
Midland Cooperatives, Inc., days ahead of schedule. 
Midland located in Cushing, Oklahoma, uses the high 
octane alkylate to supplement its premium gasoline. 
Turnaround, unit revamping, one unit or a complete 
refinery from the ground up. . . whatever your 
requirement you can trust the entire job to PROCON. 





WORLD-WIDE CONSTRUCTION FOR THE PETROLEUM 
PETROCHEMICAL, AND CHEMICAL INDUSTRIES 


PROCON Srcoysceacte’ 


1111 MT. PROSPECT ROAD 
DES PLAINES. ILLINOIS, U.S.A 


PROCON INTERNATIONAL S.A MICA 
PROCON (CANADA) LIMITED, roron?t 
PROCON (GREAT BRITAIN) LIMITED 
PROCON PTY. LIMITED, syoney ausTrat 
PROCOFRANCE S&S. 4. R.L.. PARIS. FRANCE 
PROCON LIMITADA, GAO PAULO. BRATIL 
PACIFIC PROCON LIMITED, mania P 
VICAPROCON, &. A., CARACAS. VENEZUELA 
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* Ten years of measurements in 
refineries and gas plants prove its 
high efficiency and economy. For 
as little as 5O¢ per thousand barrels 
of throughput, Humble COREXIT 
prevents internal corrosion in pipe 
still overhead, distillation towers, 
vapor recovery systems and other 
refining units. Equipment life is ex- 
tended, you make longer runs _ be- 
tween turn-arounds, and down time 
is reduced. COREXIT makes im- 
portant savings in every refinery and 
gas plant where it is used. For com- 
plete information on technical serv- 
ices and COREXIT formulations to 
meet your specific requirements, see 
your Humble salesman or contact 
Humble Oil & Refining Company, 
Houston, Texas. 
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> Largest nitrogen fertilizer manufac- 
turing complex in the U.S., consisting 
of six different manufacturing plants, 
is being built on a 1200-acre site at 
Cherokee, Alabama. Construction is 
being financed by the town of Chero- 
kee under terms of a $25,000,000 bond 
issue. When completed, the facilities 
will be leased to and operated by 
Armour Agricultural Chemical Co. 

M. W. Kellogg Co. has contract for 
engineering-management of the entire 
project and for engineering, procure- 
ment, and construction of the ammonia 
and urea plants. Contracts for engi- 
neering, procurement, and construc- 
tion have been awarded to Chemical 
& Industrial Corp. for the nitric acid, 
nitrogen solutions, and ammonium ni- 
trate plants, and to Chemical Construc- 
tion Corp. for the ammonium phos- 
phate plant. 


> Construction is underway at the 
Toledo refinery of Standard Oil Co. 
(Ohio) on the first isocracking unit to 
be licensed by California Research 
Corp., which developed the process. 
The 7500-bbl-per-day unit, to convert 
light gas oils into gasoline and high 
quality jet and diesel fuels, will cost 
approximately $5,000,000 


> A $1,750,000 natural gas products 
plant with processing capacity of 30 
MMef daily will be constructed at Hen- 
nessey, Oklahoma, approximately 50 
miles northwest of Oklahoma City. 
Plant will be owned 50% by Continen- 
tal Oil Co. and 50% by a group of 
other firms and individuals in Okla- 
homa. 


> Du Pont will build a new plant at 
Orange, Texas, to produce high-pres- 
sure polyethylene and a new product, 
“Elvax” vinyl resin, a copolymer of 
ethylene and vinyl acetate. 


> Pure Oil will add a 26,000,000-gal- 
per-year aromatics extraction unit to 
its Lemont, Illinois, refinery. 


> Spencer Chemical Co. has an- 
nounced plans for a plant at Calumet 
City, Illinois, with capacity to produce 
20,000,000 Ib of polyethylene latex 
annually. 
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> Bechtel Corp., San Francisco, will be 
prime contractor for construction of 
the West Coast’s first large commercial 
Isocracking plant, to be built at Tide- 
water Oil Co.’s Avon refinery in the 
San Francisco Bay area. Facilities will 
include a catalytic pretreater unit and 
an Isocracking unit, each sized at 20,- 
000 bbl per day, plus a 50 MMecf per 
day hydrogen generating plant and 
other auxiliary equipment. Cost will be 
in excess of $20,000,000. 


> An oxo alcohol plant sized for even- 
tual production of more than 60,000,- 
000 Ib annually will be built adjacent 
to Tidewater Oil Co.’s Delaware re- 
finery. Tidewater will provide raw ma- 
terials and operate the plant. Air Prod- 
ucts, Inc., will provide design engineer- 
ing for the plant and will have sales 
responsibility for its products. Initially, 
bulk of the plant’s output will go to 
Reichhold Chemicals, Inc. 


> O. L. Olsen Co. has contract for 
construction of a $1,500,000 natural 
gas processing plant near George West, 
Texas, which Atlantic Refining Co 
will operate for a number of co-owners. 
To be known as the Nueces River 
plant, the facility will process an aver- 
age of 60 MMcf daily. 


> A liquid helium plant to produce 
about 600 gal per day will be built at 
Amarillo, Texas, by Linde Co., divi- 
sion of Union Carbide. Trucks will de- 
liver gaseous helium from the govern- 
ment’s helium recovery unit at Soncy, 
Texas. 


> Imperial Chemical Industries, Ltd., 
which has not previously handled 
crude oil in its petrochemicals manu- 
facturing operations, will build a plant 
capable of distilling 1,000,000 tons of 
crude oil annually on a site on the 
north bank of the River Tees. Crude 
will be supplied by Shell-Mex and 
B. P. Ltd. 


> A 33,000,000-Ib-per-year carbon 
black plant to cost $4,000,000 will be 
built at Salamanca, Mexico, by Negro- 
mex, SA, recently formed by a group 
of Mexican businessmen. Plant will use 
a Phillips process. 


Pressures of 250 psig are obtained by 
these gas reform furnaces recently 
placed onstream at an ammonia plant 
in Southern France built for the Office 
National Industiel De L'Azote by 
Chemical Construction Corp. 


> Fluor Corp., Ltd., has $15,000,000 
contract for engineering and construc- 
tion of a steam cracking plant at Sten- 
ungsund, Sweden, for Esso Svenska, 
AB. Plant will produce ethylene and 
butadiene to supply a planned petro 
chemical complex 


> Switzerland’s first refinery, a 2,000 

000-tons-per-year facility, is under con 
struction at Collombey for Raffinerie 
du Rhone SA 


> A $4,000,000 carbon black plant 
will be built at Rantau, Indonesia, for 
P. T. Permina, a government-owned 
company. Refining 
Angeles, will build and finance the pro 
ject in exchange for crude at market 
prices 


Associates, Los 


> Esso Petroleum Co. and Fisons, Lid., 
will build $11,200,000 plant to produce 
150,000 tons of ammonia a year on a 
S-acre site adjacent to Esso’s refinery 


at Milford Haven, South Wales 


> Engineering contract for a 10,000, 
000-lb-per-year maleic anhydride plant 
to be built at Colleferro, Italy, for 
Bombrini Parodi-Delfino SpA has been 
awarded to Scientific Design Co., Inc 


> A complex of petrochemical plants 
to produce 16,000 tons of carbon 
black, 15,000 tons of ethylene, 6000 
tons of polyethylene, and 6000 tons of 
dodecylbenzene annually will be erec- 
ted on the Bay of Haifa, Israel, as the 
result of an agreement between the 
Israeli government and a number of 
private investors 
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WHICH ANTIKNOCK AND HOW MUCH? 


VA a 


1. In one of Ethyl’s five gasoline testing laboratories, 
customers’ gasolines are blended with TEL, TML, 
“MLA” (mixed lead alkyls), and ““TELMEL” (phys- 
ical mixtures of TEL and TML), in concentrations 
ranging from 1.06 to 3.17 grams of lead per gallon. 


5. The report is discussed with the refiner. Here C. A. 
Cole, Chief Refinery Technologist, in the Eastern 
Region, and D. J. Chapman, National Account Rep- 
resentative, point out highlights of such a study. 


@ 4 FOR FURTHER INFORMATION ON 


ADVERTISED PRODUCTS, SEE READER SERVICE CARD 








2. Each sample is rated for Research and Motor octane 
number. In addition, distillation, vapor pressure, sul- 
fur, gravity, and percentage aromatics, olefins and sat- 
urates are determined. Altogether, each sample is sub- 
jected to over 80 separate tests. 


6. When the laboratory work indicates a potential gain 
from changing antiknocks, tests of selected gasolines 
are made on Ethyl’s controlled-weather chassis dyna- 
mometers in Detroit. 
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2. A comprehensive computer program, designed by 4. The results of each customer program are thoroughly 
Ethyl’s Dr. W. C. Healy, Jr., shows cost effectiveness reviewed by Ethyl’s Refinery Technology Division at 
of each antiknock at each concentration for a range the Detroit Research Laboratories. Here T. W. Warren 
of given octane numbers, as well as octane numbers and L. E. Stinson put the final touches on the as- 
obtainable for a range of costs. sembled data. 


HERE’S ETHYL’S ANSWER: An expanded service that 


matches gasoline composition and antiknock... helps to blend fuels that meet the 
individual refiner’s needs at lowest cost. 


Having many antiknocks to choose from gives refiners a new opportunity to improve 
gasoline performance and/or save money on refining costs. However, they add a com- 
plicating element to an already complex problem—how to achieve optimum balance 
between refinery processing and antiknocks. In Ethyl’s view, refiners should be able to 
look to their antiknock supplier for help in solving this problem. 

Ethyl’s service rates eight “Ethyl” antiknocks in customers’ gasolines, to establish the 
relative benefits of each at varying concentrations. The photographs illustrate this service. 
For further information on Ethyl’s wide range of antiknock compounds, and the com- 
plete line of services that go with them, call your Ethyl Representative. 


ETHYL CORPORATION, NEW YORK « TULSA « CHICAGO + HOUSTON «+ LOS ANGELES 


ETHYL CORPORATION OF CANADA LIMITED, TORONTO +« ETHYL USA (EXPORT) NEW YORK 17, N.Y 
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9&L 


WELDING 
FITTINGS 


Used i in refineries 
throughout the world 


UE LTS PALA CIL OOO EP OSL ILI IPE LOOSE IN ELBIT ONS ETE EECA ILELE I 2 


STEWARTS AND LLOYDS fittings are manufactured to the 
appropriate ASTM and ASA specifications and are certified accord- 
ingly by surveyors of Lloyds Register of Shipping. These fittings are 
installed in refineries throughout the world. 


weet 


With a hundred years’ experience of tube making Stewarts and Lloyds 
are one of the world’s leading producers. 


They were the first manufacturers to be licensed by the American 
Petroleum Institute to apply the API monogram to oil country 
tubular goods. 


The Company mines iron ore and produces the steel from which its 
pipes are manufactured. It is thus able to exercise detailed quality 
control during all stages from raw material to finished product. 


S & L—a name synonymous with high quality. 


_ STEWARTS AND LLOYDS LIMITED 


‘Oo’ Department, 8 Gough Square, Fleet Street, London, E.C.4, England 
Cable: Lapweld London Telex 
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NEW PARANOX 221 


An improved detergent inhibitor 
designed for Series 3 lubricants 


Paranox 221, a new detergent-inhibi- 
tor package, is a potent additive for 
formulating Series 3 Oils. These lu- 
bricants are required to meet the 
severe lubrication needs of all engines 
found in heavy duty diesel equipment. 
Oils formulated with only 11-12 
volume % of Paranox 221 will meet 
these demanding requirements. 

The outstanding property of 
Paranox 221 is its excellent detergent 
inhibition action in base oils, demon- 


EXCITING NEW 


PRODUCTS THROUGH 


Test piston from Caterpillar 1-G supercharged die- 
sel engine after 480 hours operation with Series 3 
lubricant. Clean ring zone emphasizes excellent de- 
tergent-inhibition properties of new Paranox 221. 


strated by high piston cleanliness in 
Caterpillar 1-D and 1-G (shown above) 
supercharged engine tests. It also im- 
parts long-term oxidation stability, 
rust protection and antifoam proper- 
ties to finished lubricants. Because of 
these properties, a Series 3 lubricant 
formulated with Paranox 221 can be 
effectively used in various other appli- 
cations where the equipment manu- 
facturer recommends Series 3 oil, such 
as transmissions and final drives. 


PETRO-CHEMISTRY 


ENJAY CHEMICAL COMPANY 


A DIVISION OF HUMBLE OIL & REFINING COMPANY 
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FOR FURTHER 
ADVERTISED 


For a comprehensive new bul- 
letin on Paranox 221, write to 
Enjay at 15 West 5lst Street, 
New York 19, New York. 


ADDITIVES 


INFORMATION ON 
PRODUCTS, SEE READER SERVICE CARI 





Heater for Humble’s Bayway Refinery at Linden, New Jersey. Large capacity, high thermal efficiency. Specially 


designed integroted heater, air preheater, auxiliaries and stack in compact design to occupy minimum plot space. 


Lummus Oil Heater for Humble’s Bayway Refinery 


meets three tough design requirements 
LARGE CAPACITY, HIGH EFFICIENCY, LONG RUNS 


Humble Bayway knew exactly what they wanted in a re- 
placement heater and turned confidently to Lummus to 
meet their difficult design requirements. 

First, the heater had to be large enough to service this 
giant Cat-Cracker; now one of the largest in operation. 

Secondly, Humble wanted a high thermal efficiency, 86% 
as compared with the usual 75-80%. In the Lummus design, 
the heater utilizes Ljungstrom Air Preheater and integrated 
blower and duct system to attain high thermal efficiency. 
Operating performance has been consistently high. Humble’s 
big fuel savings have more than made up for the slightly 
higher capital investment for air preheat equipment. 

Finally, there was one other difficult design condition. 
The new heater would be required to operate for long 
periods without shutting down for maintenance or cleaning. 


C-8 FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS, SEE READER SERVICE CARD 


The Lummus design included steam soot blowers which 
have kept both the bare tubes and studded tube in the con- 
vection section clean. The heater fires on heavy residual 
fuel oil having a very high solids content. 

Lummus designs horizontal and vertical tube oil heaters 
to any size from 100,000 to 300,000,000 BTU /Hour for any 
process, anywhere in the world. Because Lummus offers 
every type of oil heater, you can be sure that we will recom- 
mend the right unit for your needs. Consult with Lummus 
on your next oil heater—large or small. 


THE LUMMUS COMPANY, Oil Heater Division, 
385 Madison Avenue, New York 17, New York, Houston, 
Washington, D. C., Montreal, London, Paris, The Hague, 
Madrid; Newark, N. J. 
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One of the many 
distributor types 
developed for vari 
ous applications.« 


ToP: Muddy well water is the 
coolant for these Jacket Water 


Coolers. 


RIGHT: Two 56” Dia. x 12'C” 
high Amine Solution Coolers 
with expansion joints in shell. 


BOTTOM: One of a number of 
Seawater cycle units for a 
chemical plant. Nylon dis- 
tributing ferrules prevent ad- 
herence of barnacles. Low 
pressure drop allows circula- 
tion of large quantity of sea- 
water. 


others pending 


Special metering distributors control the flow in 
vertical Vogt film type exchangers of single tube- 
pass design. The liquid is spread in a uniform film 
over the inside surface of the tubes. Since the 
liquid falls by gravity, good velocity is obtained 
with a small quantity of liquid. 

Vogt has developed many types of distributors 
which are made from a variety of materials to 
accommodate the fluids circulated through the 
tubes in specific processing operations. 

A unique feature of these exchangers is that the 
tube side can be cleaned while in operation. 
Vogt Film Type Exchangers are used as Coolers, 
Condensers, Absorbers, Heaters, and Evaporators 


Other Vogt Products BULLETIN HE-8 


Forged Steel Valves and Fittings. Bulletin HE-8 describes 
Petroleum Refinery and Chemical unusual and standard 
Plant Equipment. Steam Genera Vogt Heat Transfer 

Equipment and is avail 
tors. Heat Exchangers. Ice Mak- able upon request. Ad 


ing & Refrigerating Equipment. dress Dept. 24A-XP 


HENRY VOGT MACHINE CO. 
Lovisville, Ky. 


SALES OFFICES: New York, Chicago, Cleveland, 
Dallas, Camden, N. J., St. Louis, Charleston, 
W. Va., Los Angeles 


Voot FILM-TYPE HEAT EXCHANGERS 
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HELPFUL WATER CONDITIONING DATA 
FROM BETZ 


corrosion in open recirculating cool- 
ing water systems over the past decade 
have been phenomenal. The Dianodic 
methods“) for corrosion control are 
capable of decreasing the corrosion rate 
of steel to | mil per year or less with the 
pitting function totally prevented or 
definitely stifled. Excellent protection is 
secured with treatment concentrations 
generally in the range of 30 to 100 ppm, 
depending on operating conditions and 
water characteristics. Because steel can 
be protected economically many of the 
newly designed plants include all-steel 
heat exchangers in place of the more cost- 
ly and more commonly used Admiralty 
tubed heat exchangers. The cost of all- 


j > ADVANCES MADE in the control of 


mittent operation of the system per- 
mitted frequent periods of inadequate 
inhibitor concentrations so that cor- 
rosion progressed at a rapid rate. 

A marked difference in the care of 
handling steel tubed heat exchangers 
compared to handling Admiralty tubed 
heat exchangers is evident from this and 
similar experiences. The corrosion rate 
of steel under these adverse conditions 
is many times greater than the corrosion 
of Admiralty and the quantity of cor- 
rosion products produced is propor- 
tionglly greater. When steel tubed heat 
exchangers are employed, it is essential 
that care be exercised in the initial 
handling of the bundles to avoid 
corrosion during construction and initial 
start-up. It is mandatory to clean steel 
bundles and to pretreat them to render 
the metal surfaces passive. 


Pretreatment 


Most methods of corrosion control are 
based on forming a film that acts as a 


shows the high initial corrosion rate of 
steel when exposed to Philadelphia tap 
water, fortified with 500 ppm of chloride, 
and at a temperature of 120 F. The 
application of 30 ppm of Zinc-Dianodic 
markedly decreases the rate of cor- 
rosion (to less than 1.5 mils per year at 
the end of 3 days). However, if the 
steel is first pretreated for rapid film 
formation with a treatment concentra- 
tion of 500 ppm of Zinc-Dianodic for 
only 4 hours and thereafter treated with 
30 ppm of Zinc-Dianodic an even 
greater reduction in the initial cor- 
rosion rate as well as the over-all cor- 
rosion rate results, as shown by Curve C. 

The data contained in Figure 2, 
demonstrate the superior qualities of 
the film formed by 500 ppm of Zinc- 
Dianodic compared to 5000 ppm of 
chromate. Pretreatment with 5000 ppm 
of chromate for 2 hours permitted a 
50% reduction in weight loss and a 
corresponding reduction in the amount 
of corrosion products that accumulate. 


PRETREATMENT FOR EFFECTIVE 


@ Rapid film formation by pretreatment can vastly improve cooling water corrosion 
control. The benefits are many and the added costs are negligible. 


steel heat exchangers is approximately 
60% of the cost of heat exchangers con- 
structed with Admiralty tubes. Under 
these conditions the capital investment 
for a new plant is considerably less when 
steel is used. 

However, the design engineer should 
be cognizant of all factors that have a 
bearing on the service life of steel tubed 
heat exchangers. The experiences of one 
plant designed with all-steel heat ex- 
changers will illustrate several of the 
precautions that are necessary if the 
expected service life is to be secured. 
Shortly after this new plant went into 
operation, it was found that pressure 
drops across many of the heat ex- 
changers were greater than anticipated. 
Examinations of the heat exchangers re- 
vealed that heavy tuberculation was 
present in the steel tubes and in the 
water boxes. Some of the tubes were 
blocked with tubercules that had broken 
free from other locations. It was evident 
that the handling of the bundles during 
construction of the plant permitted cor- 
rosion to start. The pressure of other 
work attendant with start-up did not 
allow sufficient time for initial cleaning 
of the heat exchangers for removal of 
debris, grease, and corrosion products 
that had accumulated during construc- 
tion. No pretreatment of the heat 
exchangers was employed and the inter- 


The methods are covered by U. S. 
Patents 2,711,391; 2,900,222; 2,872,281; 


| (1) Dianodic is a registered trademark. 
2,848,299 
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CURVE A-NC TREATMENT 


CURVE 8 -3OPPM TREATMENT 


CURVE C-500 PPM TREATMENT 
FOR 4 HRS 30 PPM THEREAFTER. 








Figure | 


barrier to stifle corrosion. The rate at 
which the film or barrier forms will 
largely determine the effectiveness of 
the treatment. Materials that do not 
form films rapidly will permit corrosion 
to take place and the result will be in- 
complete film formation and con- 
tinued corrosion. The rate at which 
the film forms is related to the inhibitor 
concentration. 

The function of pretreatment is pri- 
marily to permit rapid film formation to 
stifle the corrosion reaction immediately 
by formation of a uniform impervious 
film. Under these conditions the low 
treatment levels will maintain the film 
intact and avoid the accumulation of 
corrosion product.. 


Reference to Figure 1, Curve A, 


FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS SEE READER SERVICE CARD 


However, pretreatment with 500 ppm 
of Zinc-Dianodic for 2 hours permitted 
more than an 80°, reduction in weight 
loss and a negligible accumulation of 
corrosion products. 

The low treatment levels normally 
used for corrosion control in open re- 
circulating systems should be viewed as 
the quantities required to maintain the 
film intact and to heal the slight breaks 
that may occur from minor variations 
in environment. Whenever any serious 
changes in environment occur that 
cause destruction of the film, corrosion 
products can accumulate before the 
film is re-established by the low treatment 
levels. Under these conditions, in order 
to secure maximum corrosion protec- 
tion and to minimize accumulation of 
corrosion products, treatment levels 
should be increased to re-establish the 
protective film as rapidly as possible. 

Pretreatment of steel heat exchangers 
is required... 

. for all new bundles 

. . whenever the exchangers are acid 

cleaned 

. whenever low pH is encountered 

. . whenever serious process leakage 

occurs 

. . immediately following start-up after 

inspections. 


Care of Steel Exchangers 


Initial Treatment 
The care of new steei heat exchangers 
should start with the writing of the 


PETRO/CHEM ENGINEER, June, 1961 





specifications. The design engineer should 
include as part of the specifications, a 
requirement that the units be delivered 
free of debris, grease and other foreign 
matter that may initiate corrosion, and 
that the units be protected from the 
weather during transit and prior to in- 
stallation. As soon as possible after 
installation, and prior to placing the 
system in full operation, pretreatment 
should be applied to the circulating 
water to permit rapid film formation. 
A procedure of this type will avoid 
excessive pressure drops and assure 
maximum protection of the units as 
well as materially aid in achieving 
the anticipated service life of an all- 
steel system. 


Other Factors 

Once the film is properly formed, the 
normal treatment levels will serve to 
maintain the film and prevent corrosion 
under normal operating conditions. 


However, there are a number of factors 


CORROSION CONTROL 


function best in a pH range of 6.0-7.0. 
This same pH range permits maximum 
protection to tower wood and is 
usually the pH range required to avoid 
calcium deposits. Therefore, acid treat- 
ment of the circulating water to control 
PH is a common practice. In the great 
majority of these systems excellent con- 
trol of pH is maintained. On occasion, 
however, low pH values may develop. 
If low pH is permitted for any extended 
period of time, partial or complete 
destruction of the protective film may 
occur. When this occurs, treatment 
levels should be increased to re-establish 
the film as soon as possible. 

In other systems, process leakage may 
introduce hydrogen sulfide and mer- 
captans. This type contamination will 
have an adverse effect on most films. 
Also, leakage of this type usually pro- 
duces a drop in pH as well. Until such 
time that the leakage can be corrected 
the system should be blown down 
heavily. If it is established that a par- 








Pretreatment (2 hrs.) 


Loss-mgs. (24 hrs.) 





None 


as indicated. 





5000 ppm chromate 18 
500 ppm Zn-Dianodic 6 


Conditions—Philadelphia tap water fortified with 500 ppm chloride. Tempera- 
ture 120 F. 24 hour exposure in 8 ppm of Zinc-Dianodic after pretreatment 


36 








Figure 2 


that can destroy the film to such a 
degree that higher than normal treat- 
ment levels will be required to re-estab- 
lish the film rapidly. For example, when 
an individual heat exchanger is acid 
cleaned, the film will be completely 
destroyed. Acid cleaning will leave the 
steel surfaces in a very active state and 
the initial corrosion rate will be very 
high. The normal treatment levels 
usually will not permit sufficiently rapid 
re-establishment of the film. Therefore, 
following acid cleaning and flushing, the 
unit should be pretreated. 

The modern day corrosion inhibitors 
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ticular heat exchanger is a chronic 
offender, it should be equipped with 
blowdown facilities so that as much of 
the blowdown as possible is taken from 
the offending heat exchanger. Following 
correction of the leak, treatment levels 
should be increased to rapidly re-estab- 
lish the film. 

The periodic inspections required for 
most systems will produce conditions 
during start-up that may increase the 
initial corrosion rate. For example, 
brushing or manual cleaning of the 
water boxes or other parts of the heat 
exchanger may partially or totally re- 


FOR FURTHER INFORMATION ON 
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move the protective film. Debris and 
migratory corrosion products may settle 
at various points in the system. These 
and many other factors will create con- 
ditions conducive to corrosion. Pre- 
treatment by the use of higher than 
normal treatment levels during start-up 
will assure rapid repair of the protective 
film and minimize the accumulation of 
corrosion products. 

The precautions outlined above will 
be instrumental in achieving maximum 
service life from all-steel heat exchanger 
systems. 


General Application 


While much attention has been focused 
on the use of pretreatment for all-steel 
systems because of the higher corrosion 
rates that can occur, the principles of 
pretreatment have application to and 
will prove beneficial for cooling water 
systems in general. It is true that the 
initial corrosion rates for Admiralty 
tubes or tubes of copper alloys in 
general are materially lower than for 
steel, and therefore the effects of these 
less voluminous corrosion products are 
not as pronounced. However, where 
Admiralty tubed heat exchangers are 
employed the systems are bimetallic 
since the shells and water boxes are 
constructed of steel. While the Admiralty 
heat exchanger tubes are not adversely 
affected, the steel components of these 
units do undergo an initially high cor- 
rosion rate and produce voluminous 
corrosion products that interfere with 
proper and complete film formation. 
The application of the principles of 
pretreatment for rapid film formation, 
followed by the use of normal treatment 
levels for film maintenance will prove 
of benefit in minimizing corrosion of the 
steel parts of the system. In general, im- 
proved heat transfer, longer service life 
and less plant maintenance are the 
benefits that will be secured. 


The Dianodic methods developed by 
Betz are the most effective corrosion 
control treatments for recirculating 
cooling water systems. Their effective- 
ness is due to the ability to form pro- 
tective films rapidly and to maintain 
these films with relatively low treatment 
levels. The Betz Engineer in your area 
will be pleased to discuss corrosion con- 
trol and the application of pretreatment 
to handle your cooling water problems. 
Why not contact him today ? 


BETZ LABORATORIES, INC. 
Gillingham & Worth Streets e Phila. 24, Pa 
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Cat Cracker Helps CRA 
Meet Growing Demand for 
High Octane Gasoline. 
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First U.S. Co-op 
Refinery Founded 
on UOP 
Technology 


By Bruce H. MeCully 


General Manager 
Consumers Cooperative Association 


Kansas City, Missouri 


Since 1940, when we 

placed our first refining 

units on stream we have 

relied on UOP to provide 

the processes necessary 

to manufacture top-qual- 

ity petroleum products. 

Catalysts and technical 

Bruce H. McCully services in conjunction 

with the UOP processes 

have been an important aid in helping us 

produce economically the highest quality 
petroleum products. 

During our earlier years, CCA often 
experienced difficulty in obtaining consis- 
tently high quality refined products from 
suppliers. This greatly influenced our deci- 
sion to refine our own crude through a 
subsidiary, Cooperative Refinery Associa- 
tion. Constantly striving to increase both 
quantity and quality of refined products 
consistent with demand, CRA has achieved 
product quality through the installation of 
modern petroleum processing equipment. 


Refining Started in 1940 


The Phillipsburg plant, placed on stream 
in 1940, is not only CRA’s first refinery, 
but it is the nation’s first cooperatively- 
owned petroleum processing plant. Charg- 
ing between 11,000 to 13,000 BSD of crude 
oil, this refinery employs UOP proc- 
esses producing products marketed to 
Midwest farmers. 

UOP processes at Phillipsburg include a 
5,000 BSD Fluid Catalytic Cracking unit 
with gas concentration facilities, a 750 BSD 
Catalytic Polymerization unit, a 3,500 
BSD Unifining* unit and a 2,500 BSD 
Platforming® unit. 

The FCC and polymerization units were 
placed on stream in 1953 to satisfy growing 
farmer demand for increased quantities of 
high octane gasoline. As the octane race 
continued its upward spiral, CRA added 
Unifining and Platforming in 1958. 
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During the same year, a 1,200 BSD ““HF”’ 
Alkylation unit was added to our Coffey- 
ville refinery. Also at the 25,000 BSD 
Coffeyville refinery are these units: A 
9,000 BSD Fluid Catalytic Cracking unit 
with gas concentration facilities, a 2,400 
BSD Unifining unit, a 4,500 BSD Plat- 
forming unit and a 1,000 BSD Catalytic 
Polymerization unit. 

In addition to these units at Coffeyville 
for producing gasolines and middle dis- 
tillates, we produce lube oils, wax, heavy 
fuel oil, asphalt and coke from our fur- 
fural, vacuum and coker units. 

The 3,000 BSD refinery at Scottsbluff, 
although small in comparison to the 
Phillipsburg and Coffeyville installations, 
utilizes a revamped thermal cracking unit 
and a 750 BSD Platformer to produce 
quality Co-op brand gasoline. 


Fuels for Farmers 


The bulk of our refined fuels are distri- 
buted to farmers through more than 1,700 
local cooperatives serviced by CCA and 
CRA. CCA is the central manufacturing 
and distributing organization for these 
cooperatives covering a marketing area of 
all or parts of eleven states. 

Although the majority of CRA’s refined 
fuels are sold to farmers through tank 
truck delivery services, the member asso- 
ciations do operate a number of Co-op 
brand service stations. Refined products 
not absorbed by the farm market through 
these associations are sold through jobbers. 

Movement of Co-op brand products is 
handled by a transportation fleet of 107 
tractors, 49 transports, 15 LPG transports 
and 49 freight vans. This rolling fleet hauled 
164,000,000 gallons of refined fuels and 
88,320 tons of merchandise during 1959. 
Rounding out the transportation picture 
are nearly 1,000 miles of gathering and 
trunk pipelines in Oklahoma, Kansas 
and Nebraska. 


Cooperative Trend 
Spurs Growth 


The story behind CCA’s rapid growth 
extends into the many hundreds of com- 
munities where member associations are 
situated. It is a story of growth for retail 
cooperatives as well as for the central 
wholesale and manufacturing organization. 
Over the years, this growth has been backed 
by the improvement of CRA’s processing 
methods to consistently permit the market- 
ing of quality petroleum products. And 
clearly a part of this progress are the con- 
tributions of UOP technology working 
hand-in-hand with CRA to achieve its goals. 
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Platforming and 
Unifining Units 
Supply Top Quality 
Gasoline and 
Tractor Fuel 


UNIVERSAL OIL PRODUCTS COMPANY 
30 Algonquin Road, Des Plaines, lilinois, U.S.A. 
® 


WHERE RESEARCH TODAY : 


FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS, SEE READER SERV 
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In 25 years Brown Fintube Company has become the 
dominant producer of fintubular heat transfer products 
for the petroleum, petrochemical and chemical indus- 
tries. This rapid growth to maturity is traceable to the 
development of products and ideas that pay off for 
our customers. 


Most of these products are based on our ability to 
conceive new ways to use the Brown Fintube. We like 
to call this “‘fintubility’’. Numerous solutions to indus- 
trial problems have been solved by the Brown Fintube 
since its extended surface allows the transferring of 
more heat in a very compact area. 

Among the more noteworthy accomplishments of 
“fintubility”’ is the perfection of industry’s only truly 
standardized heat exchanger. The Brown unitized heat 
exchanger system enables any company to meet all 
duties with one standardized unit. Other cost saving 
ideas are fintubular tank heaters that accelerate thermal 


flows for more rapid heating of tank contents; multi- 
tube hairpin heat exchangers for high-capacity applica- 
tions; and low-cost indirect fired heaters for effective 
heating of gases, vapors and liquids. 

If your heat transfer products do not utilize the 
greater efficiency of the Brown Fintube, may we suggest 
that you contact us. The people of Brown Fintube are 
always eager to carry on their research to develop 
better ways for fintubes to serve everyone. Brown 
Fintube Company, 300 Huron Street, Elyria, Ohio. 


BROWN FINTUBE 


SUBSIDIARIES: Brown Metals. Inc., Brown Thermal Products Corporation, 
Brown Aluminum & Chemical Compeny 

FACTORIES AND SALES OFFICES: Chicago @ Houston @ New York @ 
St. Thomas, Canada ¢© Birmingham, England @¢ Dortmund, Germany 
© Paris, France ¢ Mexico City, Mexico @ Tokyo, Japan. 


FINTUBILITY means Fintubes plus Engineering plus ingenuity 


FOR FURTHER INFORMATION ON 
AOVERTISED PRODUCTS, SEE READER SERVICE CARD 
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A Few of the as ae 
STRATCO 
EVAPORATOR 


SCE CS 
in Service Today... 








Dehydrator-Blender in the Continuous Lube Blending Plant 
in a Standard Oil Company of Ohio Refinery 


STRATCO 


A pe Dehydrator for Final 
. oa Product Oils from 

Dehydrator for Block Operation on Light Oils, including Hydrotreater Plant at 
Transformer Oils, in the Standard Oil Company of Cali- Shell Oil Company 
fornia, Richmond Refinery. Refinery, Houston 


REPRESENTATIVES 
D. D. Foster Co., Pittsburgh, Pa 


D. D. Foster Co., S. Charleston, W. Va gs TRA TFORD ® PETROLEUM REFINING ENGINEERS 


The Rawson Co., Inc., Baton Rouge 


F. J. McConnell Co., New York ENGINEERING 


Lester Oberholtz, Los Angeles 


Rawson-Houlihan Co., Inc., Houston CORPORATION 


Rawson-Houlihan Co., Inc., Beaumont, Texas 612 West 47th St. Kansas City 12, Mo. 
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MECHANICAL SIMPLICITY MEANS FAR LESS COST! 


0 ROTARY 


COMWPR 





More and more, industrial leaders are 
looking-to (and buying) Fairbanks Morse 
leadership in Compressor design. Why? 
Because the unique, mechanical simplicity 
of this rotary design combines maximum 
efficiency and reliability with low initial 
cost—low maintenance requirements—min- 
imum operating costs. And skid-mounting 
cuts installation time— puts you on stream 
faster. 


The advanced design of the F-M Axial 
Flow Rotary Compressor features helical- 
shaped rotors for smooth, economical com- 
pression . . . with oil-free delivery, surge- 
free operation on a wide variety of gases. 


F-M Rotary Compressors have no re- 
ciprocating parts, no valves, no metal-to- 
metal contact in the compression chamber. 
Result? Minimum ‘“‘down-time’’ expense. 
They save space— produce minimum 
vibration — provide stable performance 
with speed flexibility. Every Rotary 
Compressor built features famous 
Fairbanks Morse quality craftsmanship. 


Skid-Mounted, Tandem Rotary Com- 
pressor ready for installation at 


ZSSORS 


With capacities up to 21,000 cfm —and 
pressures up to 250 psig, F-M Rotary 
Compressors are a versatile asset to many 
operations. Discover how they can step up 
the efficiency of your operation . . . and 
cut maintenance and installation costs as 
well. Write: Fairbanks, Morse & Co., 
Director of Marketing, Compressor 
Division: Beloit, Wisconsin. 


THESE INDUSTRIAL LEADERS 
HAVE BOUGHT F-M LEADERSHIP 
IN COMPRESSOR DESIGN! 


(What Benefits Them Can Benefit YOU) 


The Algoma Steel 
Corporation, Limited 
American Metal 
Climax, Inc. 
CF Braun & Co. 
Celanese Chemical Co. 
Copolymer Rubber & 
Chemical Corp. 
Cyanamid of Canada, Ltd. 
Deere & Company 
Foster Wheeler Corporation 
M. W. Kellogg Co. 


Monsanto Chemical Co 

The Ralph M. Parsons 
Company 

Phillips Chemical Co 

Scientific Design Co., Inc. 

Shell Chemical Company 

St. Paul Ammonia 
Products Co. 

Union Carbide 
Chemicals Company 

United Refining Co. 


PAIRBANKS MORSE 





Deere & Company, Waterloo Tractor 
Works. 


A MAJOR INDUSTRIAL COMPONENT OF 





Model 200L3/132L3 Fairbanks-Morse 
Rotary Air Compressor for 12,000 
cfm, 110 psig. with 2600 h.p. steam 
turbine drive. 


FAIRBANKS WHITNEY 








PRODUCT IMPROVEMENT 
; WITH | 


Compact PETRECO 
Units help this 
refiner get 

better quality... 


AT LOWER COSTS 


Six versatile Petreco treating units handle a wide variety 
of purification problems for the Richfield Oil Corporation 
refinery at Watson, California. This compact Petreco 
installation has a distillate capacity of 60,000 bpd and 
treats 19 streams, yet it occupies an area equal to only 
50 x 100 feet of ground space. By using modern Petreco 
equipment, Richfield is able to supply increased demands 
for better gasoline, jet fuels, stove and diesel oils, and at 
the same time make substantial savings in time and money. 


The purification equipment installed by Richfield during 
a three-year period—1955 to 1958—consists of five 
Petreco ELectrorininG* Precipitators and a Bender Cat- 
alytic Sweetener. These units were selected to provide 
a complete flexibility: 

A Stove Oil-Jet Fuel Treater replaced an older unit in 
order to meet more stringent specifications for jet fuel. 
\ Cycle Oil Treater was installed to produce a stable 
product which can be used as a component of locomo- 
tive diesel fuel or No. 2 burner oil. 

Two Gasoline Treaters were installed to remove hydrogen 
sulfide from straight run gasoline. 

A Diesel Oil Treater was installed to give greater efficiency 
in removing naphthenic acids, and to stabilize the product. 
A Bender Treater was installed to sweeten distillates from 
various sour crude stocks. 


Bender sweetener vessels consist of two sulphur absorbers 
and three catalyst towers. Four of the ELECTROFINING 


units are two-stage treaters; one is single stage. 


PETROLITE 


Ou Os a0 kOe - se OE 


PETRE<O 


iviSton 
3202 South Wayside Drive (P.O. Box 2546), Houston 1, Texas 
1390 East Burnett Street (P.O. Box 7216), Long Beach 7, California 


FOR FURTHER INFORMATION ON 


AOVERTISED PRODUCTS. SEE READER SERVICE CARD 


Richfield has realized these important advantages after in- 
stalling Petreco treating equipment: 


Saving in equipment costs. Continuous treating and “‘on- 
stream” blending have largely eliminated the need for 
intermediate storage vessels. A wide range of products 
is treated in a much smaller area than other treating 
equipment requires. Savings in maintenance costs. Thor- 
ough removal of spent caustic from straight run gas- 
oline keeps exchangers and re-boilers in fractionating 
equipment operating with a minimum of fouling. Savings 
in production costs. Efficient treating reduces chemical 
consumption. Spent reagents are effectively removed from 
distillates. Product loss is low, because electrical sepa- 
ration leaves only a negligible amount of oil in spent 
reagents. Savings in labor. Automatic operation reduces 
labor requirements and gives more efficiency. Safe, clean 
facilities. All equipment is vapor-tight, for greater safety 
and cleanliness. There is no air pollution. Jmproved 
product quality. Treated 

products contain less so- 

dium, naphthenic acid, 

mercaptans, sulphur, and 

color bodies. Storage 

qualities are greatly im- 

proved. Jet fuel passes all 

specifications without re- 

treating. 

Call on Petreco for sound 

suggestions for improving 


your refinery’s treating 


facilities. 


SUBSIDIARY AND AFFILIATED COMPANIES 
CANADA, Edmonton, Alberta « ENGLAND, London 
GERMANY, Frankfurt, a. M. « VENEZUELA, Caracas 


REPRESENTATIVES 


ARGENTINA, Buenos Aires + BRAZIL, Rio de Janeiro « COLOMBIA, Bogota 
ITALY, Rome + JAPAN, Tokyo «+ KUWAIT, Kuwait «+ MEXICO, Mexico, D. F. 


NETHERLANDS, The Hague + PERU, Talara + TRINIDAD, Port of Spain 
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HOW TO MEASURE PERFORMANCE 
OF NEW INVESTMENTS 


NEW INVESTMENTS each year are part of a company’s 
regular activities. Except for “must” investments which are 
required by law or dictated by competition, new investments 
are made to improve or at least to maintain the present 
earnings level in future years. To achieve this, management 
must perform two important functions: select the right 
investments, and determine whether they have produced 
the anticipated results after they have been on the books 
a while. 
; It is fairly common for available funds to fall short of the 
WERSERT £. KROSCER many investment Opportunities that come across manage 
Financial Analyst 4 
ment’s desk each year for approval. Consequently, prospec 


Socony Mobil Oil Company, Inc 
New York, New York tive new investments must be arranged in a ladder of 
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ACCUMULATIVE CASH FLOW 


DECLINING FLOW 2. INCREASING FLOW 3. VARIABLE FLOW 











15% AVERAGE EARNINGS RATE 














1. DECLINING FLOW 2. INCREASING FLOW 3. VARIABLE FLOW 
FIG. |. Cash flow and rate of return comparisons 
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TABLE 1. Showing the Importance of Computing a Composite Rate of Return for the Combined New 
Investments Budgeted Each Year. 


When 50°% of the available funds 
earn in excess of 10% 


Estimated rate of return % of available 


for new investments 


Type of new 
investments funds invested 
15% 

15% 

20% 

40% 

100% 


Total 100% 


profitability and selected from the top down until the funds 
are depleted. 

This presents the first problem the financial analyst faces 
if his company still uses the average earnings rate of return 
for measuring profitability of investments. As illustrated in 
Fig. 1, the major shortcoming of this rate of return yard- 
stick is it doesn’t distinguish between investments in which 
money is returned early and those in which money is 
returned late, because it fails to take into account the time 
value of money. 

In Fig. 1 note each investment costs $40,000 and returns 
a total of $100,000 over its 10-year life. However, money 
is returned faster in Investment 2 than in Investment 3, and 
faster in Investment 1 than in Investment 2. Despite this 
difference in the timing, the average earnings rate of return 
for Investments 1, 2, and 3 is 15%. 

This leads us to conclude all three investments are equally 
attractive from a profitability standpoint, which is not true 
because money itself has earning power. A dollar received 
or spent today is worth more than a dollar received or spent 
in the future. The reason why money spent late or returned 
early is important is that it can be invested to earn more 
money for the company. 


DCF rate of return 

To arrange a series of prospective investments in the 
correct order of their profitability, it is necessary to use a 
rate of return yardstick which takes into account the 
difference in value between near and distant dollars. This 
yardstick is the discounted cash flow (DCF) rate of return, 
which is computed by discounting the annual cash returns 
from the investment down to a present value which is equal 
to the investment cost. The interest rate which discounts the 
annual cash returns down to this amount is the DCF rate 
of return for the investment. 

As shown in Fig. | the DCF rates of return computed 
for Investments 1, 2, and 3 are 29%, 17%, and 14%, 
respectively, compared to the 15% average earnings rate 
of return computed for each of these investments. These 
DCF rates of return enable us to distinguish between the 
three investments, thereby enabling us to arrange them in 
the correct order of their profitability. 


Computing composite rate of return 

Table | illustrates importance of computing a composite 
rate of return for the combined new investment budgeted 
each year. The hypothetical figures indicate that when 50% 
of the available funds are directed into new investments 
which earn in excess of 10%, the composite rate of return 
for the combined new investments is 11.25%. On the other 
hand, when 75% of the available funds are directed into 
new investments which earn in excess of 10%, the com- 
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Composite rate of return 
for the new investments 


0 
1 


When 75¢ > of the available funds 


earn in excess of 10°% 


% of available Composite rate of return 


funds invested for the new investments 


0.00% 5% 00% 
0.75% 5%; 25% 
2.00% 5% 50% 
6.00% 2507 3.75% 
2.50% 50% 2.50% 


11.25% 100% 8 00% 


posite rate of return for the combined new investments 
increases to 18.0%. 

This 6.75% increase in the composite rate when an addi- 
tional 25% of the available funds are directed into new 
investments earning in excess of 10% points up the need 
for computing a composite rate of return for the combined 
new investments budgeted each year; and also points up the 
need for selecting the right “mix” of new investments in 
the various categories to maximize future profits. 


Selecting the right ‘‘mix’’ 
This problem exists principally because of the normally 


YEAR TO YEAR BOOK METHOD 0 C F METHOC 


1. DECLINING FLOW 
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NET 
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2. INCREASING FLOW 
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aw 
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t 3 0 
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Source; Table 3 


FIG. 2. Net investment and net income comparisons. 
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wide differences in the investment cost, the investment 
income, the investment life, the timing of the cash outgo 
and the cash income, and the rate of return estimated for 
the various types of investments. It exists also because many 
of the new investments will not be made for the purpose of 
optimizing future profits. 

New investments made because they are required accord- 
ing to government regulations or ordinances, or because 
they are dictated by competition, fall into the category of 
“must” investments which ordinarily yield little or no 
returns to the company. While the “must” investments 
dictated by competition can often be postponed to future 
years or can be staggered over several years, those required 
according to government regulations or ordinances must 
generally be made in the year in which they are budgeted. 

There are usually other investments of a “semi-must” 
nature which impose restrictions on the company’s future 


profit objectives. New investments which have to be made 
in accordance with the company’s long range plans and 
objectives, often yield only minor returns, or no returns 
at all in the early years of their investment lives. 

Finally, there are new investments made solely to 
improve or maintain the company’s present overall earn 
ings rate in future years. Investments in this category 
should comprise the majority of the new investments bud 
geted each year. 


Computing composite DCF rates 


Composite rates of return should be computed for various 
combinations of the proposed new investments until the 
right mix is found which will most effectively meet the 
company’s overall needs and objectives, and which will at 
the same time maximize profits and improve or at least 


TABLE 2. Computing the Composite Discounted Cash Flow 
(DCF) Rate of Return for Two Different Combinations 
of the Proposed New Investments. 


(3) (4 
(Cash outgo) and cash income 


Profit generating investment 


? 


“Must 


1 to3 
Year No. | No. 2 No. 3 


Method Assumed Assumed Assumed 


“Profit Generating” Investments | to 3 Combined 


0 $(40,000 $(40,000) $(40,000 $(120,000 


21,070 


16,927 84 
14,535 
13,142 
11,749 


10,356 
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6,535 
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12,000 32,284 
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8,954 4 664 ©.000 27,628 


7,57 10,571 8,000 26,142 
6,578 12,178 30, 75t 


12,000 
5,685 28 O70 


4,493 


14,285 9,000 


16,993 11,000 32,486 


investment 
combined No. 4 


Assumed 


All DCF rate computatior 
investments 
lto4 
combined 


Discount 
factor 


Present 
value 


Diseount 
factor 
4)+(5 4)x« (7 


Present value 
tabk 


Present value 
table 


‘be 1a 
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8475 19,369 8403 9 204 
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Total $100,000 $100,000 


Profit $ 60,000 
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DCF Rate 


All Investments | to 4 Combined 


0 $(40,000 $(40,000 


16,927 
14,535 
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Total $100,000 $100,000 


Profit $ 60,000 $ 60,000 
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maintain the company’s present earnings rate in future 
years. These composite rates for the various combinations 
of proposed new investments should be computed by the 
discounted cash flow method (DCF). Computing them by 
any other method would be impractical, and would result 
in unrealistic composite rates of return because of the 
wide differences that normally exist in the productive life 
of individual investments and in the timing of their cash 
flows. 

The coriposite DCF rate of return for a combination 
of proposed new investments should be computed by first 
combining the net cash flow for the individual investments 
to be included, and then by discounting the combined net 
cash flow down to a total present value which is equal to 
zero. The interest rate which discounts the combined net cash 
flow down to zero is the composite DCF rate of return for 
this combination of proposed new investments. 

This procedure is illustrated in Table 2, which shows 
that when the net cash flows for Investments 1, 2, and 3 
are combined, and the combined net cash flow in column 
4 is discounted down to a total present value which is equal 
to zero, the composite DCF rate of return for the three 
“profit generating” investments combined is 19%. 

Now observe what happens when the net cash flow for 
“must” Investment 4, which generates no profits, is included 
in the above combination. It reduces the composite DCF 
rate of return for the combined new investments to 14% — 
a 5% decrease. 

Let us remember that in this example only the timing 
of the investment income varies. The $40,000 investment 
cost, the $100,000 total investment income, and the 10-year 
investment life are the same for Investments 1, 2, and 3. 
Still the DCF rates of return for the individual investments 
and for the two different combinations of investments vary 
widely. In actual practice, these variations in the DCF rates 
of return are probably even more pronounced because it is 
much more common for all the investment factors to vary 
radically between individual investments. 


Measuring performance of new investments 


Management’s next important job is to determine whether 
the new investments have actually produced the anticipated 
results after they have been on the books a reasonable 
time. This poses still another problem to the analyst pri- 
marily because of the wide differences in the “discounted 
cash flow (DCF) rate of return” used for selecting the 
new investments and the “year-to-year book rate of return” 
used for measuring their performance. 

Table 3 defines the various terms that are used under 
the discounted cash flow method and under the year-to-year 
book method. This is important because most of these terms 
have entirely different meanings under the two methods. 

Now look at Fig. 2 and compare the net investment and 
the net income patterns determined under the discounted 
cash flow method with those determined under the year- 
to-year book method for the three “profit generating” invest- 
ments. 

Note that under the year-to-year book method the net 
investment amount outstanding at the beginning of each 
year decreases at the same constant level rate for Invest- 
ments 1, 2, and 3 after they start generating income. This 
is due to the fact the straight line depreciation method is 
used for booking the depreciation charges (capital recov- 
eries), and the $40,000 investment cost and the 10-year 
depreciable life are identical for all three investments. 

Note also as net investment amounts for the three invest- 
ments decrease at the same constant level rate each year, 
applicable net income amounts earned by them during com- 
parable years do not decrease correspondingly. In fact, net 
income amounts for Investment 2, for example, actually 
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increase each year until in the 10th year the net income 
anfount is more than three times the size of the net invest- 
ment amount outstanding at the beginning of that year. It 
is obvious there is no correlation between the net income 
amount earned during the year and the net investment 
amount outstanding at the beginning of the year. 

The reason for this is that under the year-to-year book 
method, the net income amount earned during the year 
is not computed or predicted on the net investment out- 
standing at the beginning of the year. Instead it represents 
the residue, after deducting the depreciation charge from 


the cash income received during the year. 


Depreciation 


Since the depreciation charge is computed based on the 
depreciation method adopted by management for book 


purposes, the net income 


amounts, the net investment 


TABLE 3 
Definitions 


YEAR-TO-YEAR BOOK 
METHOD 


Gross Investment — is the 
portion of the total invest- 
ment cost which is capital- 
ized. It excludes the portion 
which is expensed. 


Reserve for Depreciation 

is the accumulation of the 
annual book depreciation 
amounts. 


Net Investment — is the 
gross investment less the 
reserve for depreciation. 


Cash Income — is the invest- 
ment income after taxes but 
before depreciation or amor 
tization charges. 


Net Income — is the cash 
income less the book depreci- 
ation. 


Book Depreciation is the 
depreciation amount charged 
against income on the books. 
It is computed by multiplying 
the gross investment by the 
rate based on the deprecia- 
tion method adopted by 
management for booking de- 
preciation charges. In these 
examples the straight line 
method is used. 


Tax Depreciation — is the 
depreciation amount used for 
calculating income taxes. It 
is computed by multiplying 
the gross investment at the 
rate based on the deprecia- 
tion method adopted by 
management for computing 
income taxes. In these ex- 
amples the sum of the years- 
digits method is used. 


Rate of Return — is a vari- 
able rate which is computed 
by dividing the net invest- 
ment outstanding at the be- 
ginning of the year into the 
income earned during that 
year. 


DISCOUNTED CASH 
FLOW METHOD 


Gross Investment — is the 
total investment cost includ- 
ing the portion which is 
expensed. 


Reserve for Amortization - 
is the accumulation of the an- 
nual amortization amounts 


Net Investment is the 
gross investment less the 
reserve for amortization 


Cash Income — same 


Net Income — is the interest 
or profit after taxes which ts 
computed by multiplying the 
net investment outstanding 
at the beginning of the year 
by the discounted cash flow 
(DCF) rate previously de- 
termined for the investment 


Amortization — is the cash 
income less the net income 


Tax Depreciation — same 


Rate of Return — is a con 
stant level rate which is com- 
puted by discounting the 
annual cash return down to 
a total present value which is 
equal to the investment cost. 
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amounts, and the rates of return for the three investments 
will vary under this method depending upon the deprecia- 
tion method (straight line, declining balance, double declin- 
ing balance, sum of the years-digits method, etc.) manage- 
ment has decided on for booking the depreciation charges. 

This is not true, however, under the discounted cash flow 
method. The net income amounts, the net investment 
amounts, and the rates of return determined for the three 
investments under this method will not be affected by the 
depreciation method used for booking the depreciation 
charges. 

Now turn to Fig. 3, and compare the year-to-year book 
rates of return with the discounted cash flow (DCF) rates 
of return computed for the prospective investments. 


Rates of return 

Since the year-to-year book rates of return are computed 
on the basis of the net income amounts and the net invest- 
ment amounts determined under the year-to-year book 
method, which, as we have noted, are radically different 
from those determined under the discounted cash flow 
method, it naturally follows that the year-to-year book rates 
of return are likewise radically different from tne discounted 
cash flow (DCF) rates of return computed for these invest- 
ments. 

This is evidenced by the following comparisons of the 


discounted cash flow (DCF) rate of return with the year-to 
year book rates of return for the prospective investments 


In Investment 1, in which the income is received at a 
decreasing rate and the DCF rate of return is 29%, the 
year-to-year book rates of return range from 32% in 
the first year to 12% in the 10th year. 


In Investment 2, in which the cash income is received 
at an increasing rate and the DCF rate of return is 
17%, the year-to-year book rates of return range from 
5% in the first year to 325% in the 10th year 


In Investment 3, in which the income is received at 
a variable rate but does not start until two years after 
the funds are invested, and in which the DCF rate is 
14%, the year-to-year book rates of return range from 
0% in the first year to 150% in the 12th year 


For the three “profit generating” investments com 
bined, which earn a composite DCF rate of return of 
19%, the composite year-to-year book rates of return 
range from 12% in the first year to 102% in the 
10th year. 


In “must” Investment 4, which generates no profits 
and for which no DCF rate of return is computed, 


YEAR TO YEAR BOOK RATE 


1. DECLINING FLOW 2. INCREASING FLOW 


DCF RATE 


3. VARIABLE FLOW 





— 





+ 





TO 325% 



































4. “MUST” INVESTMENT 1 TO 4 COMBINED 








(Ne DCF Rote) 
































Source: Tables 3& 4 


FIG. 3. Rate of return comparisons. 
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the year-to-year book rates of return range from 
(0.2% ) to (90% ). 


For the four investments combined, which earn a com- 
posite DCF rate of return of 14%, the composite year- 
to-year book rates of return range from 9% in the first 
year to 70% in the 10th year. 


Let us assume in this illustration that the company’s pre- 
sent overall earnings rate is 15%. Then, according to the 
year-to-year book rates, Investment | will improve the com- 
pany’s present earnings rate in the first 9 years, and will 
worsen it in the 19th year; Investment 2 will worsen it in 
the first 4 years, and will improve it in the last 6 years, 
and Investment 3 will worsen it in the years 1, 2, and 4 and 
improve it in the years 3 and 5 to 12. 

These comparisons show that even though all the invest- 


ment factors except the timing of the investment income 
are the same, there is a considerable difference in the way 
in which the three new “profit generating” investments will 
affect the company’s overall earnings rate during the next 
10 years. 

Comparisons also show that the discounted cash flow 
(DCF) rates of return, which were computed to assist 
management in the selection of the three proposed invest- 
ments, give no indication as to how they will affect the com- 
pany’s future overall earnings rate. 

Obviously, then, it will be extremely difficult for manage- 
ment to determine from the company’s future overall earn- 
ings rate whether the three new investments have actually 
produced the anticipated results after they have been on the 
books a reasonable time. In actual practice it is even more 
difficult, if not altogether impossible, to determine the 


TABLE 4. Comparisons of the Net Investment, the Net Income and the Rate of Return Determined Under the Year to Year Book 
Method and the Discounted Cash Flow Methed for 3 “Profit Generating” Investments. 
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actual results achieved by new investments from the com- 
pany’s overall earnings rate. This is because the incremental 
profits attributable to the new investments are frequently 
offset by losses in profits, or supplemented by increases in 
profits attributable to existing investments which were on 
the company’s books prior to the acquisition of the new 
investments. 


Post-completion reviews 
Consequently, to resolve the problem of determining 


whether the new investments have actually produced the 
anticipated results after they have been on the company’s 
books a reasonable time, it is advisable to make periodic 
post-completion performance reviews of the individual 
investments and compare the actual results against the 
original estimates made prior to the inception of the new 
investments. This is the only effective and sure method of 
determining whether the new investments have actually 
produced the profits or savings that were anticipated from 
them. x*** 


TABLE 5. Comparisons of the Net Investment, the Net Income and the Rate of Return Determined Under the Year to Year Book 


(1) (2) (3) (4) (5) 
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92,000 2 28,698 21,103 7,595 111,891 
80,000 ; 29,112 19,670 9,442 104,295 
68,000 : 27,628 17,889 9,739 94,854 
56,000 } 26,142 16,053 10,089 85,115 
44,000 2 30,756 14,150 
32. 000 § 28,970 11,018 17,952 58,420 
20,000 32,486 7,632 24,854 10,468 
8,000(B) 5 10,000 2,945 7,055 
4,000(B) 5 10,000 1,614 §. 386 


16,606 750% 


$300,000 $180,173 $119,827 


“Must” Investment 4—Cash Income Represents the Tax Savings on the Depreciation Charges 


l $ 3,927 $ 4,000 10.0% $ (73) $ 4,000 
2 3,534 4,000 10 (466) 8,000 
3,143 4,000 10 (857) 12,000 

2,750 4,000 10 (1,250) 16,000 

2,357 4,000 10 1,643 20,000 

1,963 4,000 10 (2,037 24,000 

1,570 4,000 10 (2,430) 28,000 

1,177 4,000 10 (2,823) 32,000 

786 4,000 10 (3,214) 36,000 

393 4,000 10 (3,607) 40,000 


Total 21,600 $ 40,000 (18,400) 


All Investments (1 to 4) Combined 


l $ 26,781 $ 12,000 10.0% 14,781 $ 12,000 
2 24,604 12,000 10 12,604 24,000 
3 35,427 16,000 10 19,427 40,000 
4 31,448 16,000 10 15,448 56,000 
5 31,469 16,000 10 15,469 72,000 
29,591 16,000 10 13,591 88000 

27,712 16,000 10 11,712 104,000 

31,933 16,000 10 15,933 120,000 

29,756 16,000 10 13,756 136,000 

10 32.879 16,000 10 16,879 $2, 000( 
1] 10,000 4,000 10 6,000 36,000 
12 10,000 4,000 10 6,000 40,000 
Total $321,600 $160,000 $161,600 


(A) $112,000-$80,000 


(B) $40,000-Previous Year (5) 
(C) $152,000-$120,000 
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$ 40,000 
36,000 
32,000 
28,000 
24,000 


12,000 
8,000 


$160,000 
148,000 24,604 21,662 13 2,942 
136,000 
120,000 


SS_O00 


56,000 
40,000 
24,000 
8,000(B) 
4,000(B) 150 10,000 1,235 13 & 765 


os) Ww tp 


7 < 


No DCF Rate of Returt 


we ot to 


to 


26,781 $ 22,288 13.9 $ 4,493 


$160,000 


$5,427 21,252 13 14,175 
31,448 19,278 13 12,170 
31,469 17,582 13 13,887 
29,591 15,648 13 13,943 


72,000 } 24,412 13,706 13 14,006 


31,933 11,755 13 20,178 
29,756 8944 13 20,812 
32,879 6,045 13 26,834 


10,000 2? 307 13 7.693 


$321,600 702 $159,898 





RUDOLF CZINER, Assistant Director, 
Commercial Chemical Development, 

Grace Research Division, W. R. Grace & Co., 
New York, New York 


COST ESTIMATION is an accepted art among chemical 
engineers and is used to advantage at every stage of re- 
search, development, and commercialization of a petro- 
chemical to indicate profitabilities. 

In many instances, management and the estimating engi- 
neers seem to be quite satisfied with current costs alone 
This seems unreasonable, because petrochemical tech- 
nology is a complex science. The time lag between idea 
and a commercial plant is extensive and lengthening every 
year. It is fraught with uncertainties, each requiring time 
and money to be solved. This is true even where plant de- 
sign, operating, and product know-how are available. 

Under realistic conditions, therefore, management must 
recognize that current estimates contain a built-in error 
due alone to the dynamics of the economy. An estimate 
made today for a plant scheduled to be onstream in 1963 
must consider changes in costs in the intervening years 
Market analysts try to predict the future demand/supply 
situation, and the estimating engineer must forecast cost 
conditions in the future. Proper planning demands that 
costs and profits be evaluated on a dynamic basis. 

Forecasting of costs can be in two directions: inflationary 
and deflationary. Today’s cost engineer is accustomed to 
thinking about rising costs, but the technique detailed here 
is useful also for forecasting declining costs. 

For demonstration purposes, a hypothetical petrochemi- 
cal, Aromatic — X, is detailed in this article. Cost compo- 
nents are the following: 


Capital investments 
Plant investment 
Working capital 


Production costs 

Raw materials 
Labor 
Utilities: 

Gas 

Steam 

Water 

Electricity 
Maintenance 
Supplies and packaging 
Laboratory 
Plant overhead 
Taxes and insurance 
Depreciation 
Freight allowance 


Sales expenses 
In actual practice more or fewer cost components can 


be used. Each must then be examined individually. A his- 
torical analysis is desirable, if available. Forecasting itself 
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WHY MAKE 
LONG-RANGE 
FORECASTS 


can be done in a number of ways, including trend analysis, 
correlation analysis, survey of expert opinions, or even 
“guesstimates.” Usually, two or more methods should be 
used for reliable forecasting. 


The U. S. Economy 

The U. S. economy in the next four years is expected 
to experience a slightly higher growth trend than during 
the period from 1955 through 1960. While no major war 
is predicted during the next four years, there should be in- 
creased spending for defense purposes. Under the current 
Federal administration, a number of other budget items 
should increase. The net effect should be to raise both the 
overall activities of the country and inflationary pressures 
to the levels which existed in the 1950 through 1951 period. 

For the past five decades, the purchasing power of the 
dollar has been decreasing at a rate of 2.5% per year. In 
other words, prices have been increasing at this rate. Since 
the depth of the depression, the consumer price level has 
increased at a sharper rate, but measured from 1947, the 
price rise has returned to the long-term 2.5% annual trend. 
In recent years, inflation has been kept even further in 
check, average rate of increase dipping below 2% an- 
nually. Table | reviews the price index and Gross National 
Product (GNP) since 1929. To 1965, the overall price 
trend is expected to return to its historical 2.5% per year 
average rate of increase. 

A warning may be necessary on “growth rates.’’ These 
can vary widely, depending on the base period used. The 
1960 Consumer Price Index, for example, can be shown 
aS increasing anywhere from 1% per year to as high as 
4% per year. The average annual rate of increase from 
1940 to 1960 was 3.9%; from 1958 to 1960 it was only 
1.1%. 

The GNP (Table 1) is an excellent measure of the state 
of the economy. It reflects the sum total of the value of 
all goods and services produced by the country. Since 
1929, the GNP has had a very rapid growth rate, averaging 
over 5% per year. On a deflated basis, in 1960 dollars, the 
average growth has only been about 3% annually. This 
difference is the inflation factor previously mentioned. 

In recent years, the GNP growth rate has declined to 
below 3%. An average 3% rate for the real GNP, how- 
ever, is expected for the next four years. Since inflation is 
expected to average 2.5% per year, the GNP in current 
dollars is predicted to rise a total of 5.5% per year on the 
average during the next four years. This puts the 1965 
GNP at $650 to 660 billion (in current dollars). 


Cost components 

Piant investments, including both actual construction 
costs and the various auxiliary costs associated with a new 
plant, are expected to increase at an average rate of 4% 
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per year. This is consistent with the past record of chemi- 
cal construction costs as indicated by the Marshall & Stevens 
Index in Table 2. This means a 22% rise in construction 
costs by 1965. 

The amount of working capital needed depends mainly 
on the cost of inventories and other short-term cash require- 
ments. For simplicity in calculations, working capital in- 
creases are related directly to changes in both production 
and sales costs. 

Raw materials must be evaluated on an individual basis. 
Each major component of material input should be exam- 
ined historically and its future supply and demand weighed 
to estimate future costs. For the hypothetical example pre- 
sented here, a 5%-per-year price increase for natural gas 
will be used. 

Hourly wages of chemical production workers can be 
used as a measure of labor costs, both wages and labor 
overhead. Table 2 shows these data since 1939, as com- 
piled by the Bureau of Labor Statistics. In the past decade. 
such wages have risen at a rate of around 5% per year. 
There is little to indicate any reduction in this inflationary 
move. A 5%-per-year wage increase can be considered 
reasonable. 

Fuel prices usually are governed by long-term contracts, 


TABLE 1. National Economic Indicators. 


Consumer Gross Gross 
Price National National 
Year Index! Product? Product* 


(1947-9 = 100) (Billion $) (Billion 1960 $) 
1929 73 104 207 


1930 91 188 
1931 76 173 
1932 58 148 
1933 56 144 
1934 ] 65 158 


1935 5 73 173 
1936 - 83 198 
1937 91 208 
1938 85 199 
1939 9] 215 


1940 { 101 234 
194] 5 126 273 
1942 7 159 311 
1943 4 193 351 
1944 75 211 376 


1945 / 369 
1946 323 
1947 23 321 
1948 334 
1949 334 


1950 
1951 
1952 
1953 
1954 


1955 
1956 
1957 
1958 
1959 


1960 


Av. Annual % Increase 


6.0 
5.0 


1929-1960 8% 5.2% 
) 


1947/49-1960 2. 
1952/55-1960 1.7 


Sources: ‘Bureau of Labor Statistics. 7Dept. of Commerce 
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geographic location, and local conditions. The price his 
tories of crude oil, coal, and natural gas at the well or mine 
are shown in Table 3 in cents per million Btu’s. Crude oil 
can be expected to rise 3%; natural gas, 5% per year 
Coal prices have fluctuated in recent years, with no dis 
cernable trend. Prices have been stable due to the benefits 
of mechanization. Productivity in mines has shown a fairly 
spectacular improvement during the past decade, but is not 
expected to continue to increase in the future. The infla 
tionary trend should start to take effect at about 1% per 
year, despite competition from the other fuels. Steam costs 
depend on the source of energy. In the example cited here, 
gas-derived steam is used, the cost increasing at rate of 
4% per year. Both water and electricity costs are assumed 
to have cost trends a little lower than the overall price 
trend, 2% per year. 

A plant maintenance costs index is presented in Table 2 
From 1947 through 1958 there was a steady rise in costs 
of between 4 and 5% per year. Such costs can be expected 
to increase by at least 4% per year for the next five years 
Maintenance costs include both materials and labor 

Depreciation for a 1960 plant remains constant. For a 


TABLE 2. Process Industry Indicators. 


Hourly Wages Maintenance 
Production Cost 
Workers- Index 


Construction 
Year Cost Index' 


(1926 100) ($/Hr) (1947 100) 


1929 


1930 
| =>] 
1932 
1933 
1934 


1935 
1936 
1937 
1938 
1939 


1940 

194] 93 
1942 102 
1943 103 
1944 106 


1945 107 
1946 127 
1947 152 
1948 165 
1949 165 


1950 170 
1951 181 
1952 18] 
1953 183 
1954 186 


1955 192 
1956 209 
1957 227 
1958 232 
1959 237 


1960 239 


Av. Annual % Increase 


1929-1960 3.1 

1939-1960 
1947/49-1960 3.4 
1947/49-1957.. " 
1953/55-1960 4.2 
1953/55-1957 - 


Sources: ' Marshall & Stevens Index 


* Bureau of Labor Statistics 
Factory Management & Maintenance 
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TABLE 3. Average Fuel Costs. 


Av. Crude Av.Natural Av. Bitumi- 
Oil Gas nous Coal 
Prices Prices Prices 


(¢/Million Btu) 
1939 


1940 
194] 
1942 
1943 
1944 


1945 
1946 
1947 
1948 
1949 


1950 
1951 
1952 
1953 
1954 


1955 

1956 48 
1957 53 
1958 55 
1959 5] 


1960 (est.) 53 
Av. Annual “ Increase 


1939-1960 
1947/49-1960 
1953/55-1960 


Source: Bureau of Mines 


plant to be built in 1965, such charges will be 22% higher, 
reflecting the 4% annual increase in construction costs. 

General plant overhead, laboratory, research, sales, and 
similar costs should increase at between 3.5 and 4.0%, or 
about 3.75% per year. Such miscellaneous charges as sup- 
plies, packaging, taxes, and insurance are expected to fol- 
low the inflation trend of 2.5% per annum. 

Freight rates in general have been rising at a 5% rate. 
Allowance for freight, when applicable, is expected to 
increase at a rate of 5% annually for the next two years 
and 3% for the last three years. This gives an over-all 
5-year increase of about 20%. 


Cost estimates 

A production cost estimate for the hypothetical petro- 
chemical, Aromatic — X, is shown in Table 4. Production 
costs are estimated under today’s conditions at 28 cents per 
gal. Only one raw material is used in its manufacture, ac- 
counting for 50% of the total manufacturing expense. 
Labor and utilities are roughly 20%. Depreciation is about 
15%. An average freight allowance is included, but no 
royalties or license fees are paid. Sales expenses are esti- 
mated at 0.5 cents per gal. 

Five-year factors, as derived from the annual growth 
rates previously discussed, are shown in Table 4. These 
are the annual rates, compounded yearly for five years and 
converted to a decimal factor. This technique is valid, since 
in most of the individual forecasts a straight-line trend 
analysis was deemed sufficiently accurate. 

The individual 1960 cost elements are then multiplied 
by their respective cost factors to give estimated 1965 costs. 
The total production cost is estimated to increase 21% for 
the 5-year period indicated, a rate of about 3.9% per year. 

In the case of Aromatic—X, about 60% of the increase 
is expected to come from higher raw material and labor 
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TABLE 4. Aromatic-X Costs. 


Five-Year 
1960 Factors 1965 


Raw materials .. 14.0¢/gal 1.28 17.9¢/gal 
IS eee 2.0 1.2 2.6 
tilities 
Gas . iit io Jord aan 
Steam - 
Water Se rallte arise ae pee ohn ae 
Electricity oe ; 0.9 
Maintenance 0.7 ; 0.9 
Supplies and packaging ..... 0.9 a. 1.0 
Laboratory ; : 0.1 
Plant overhead : : 1.1 
Taxes and insurance ........ 0. Rt 0.3 
Depreciaiion j : 4.0 
Freight Allowance Teer : 0.4 


- 33.3 
Sales expenses $ 0.6 


l. 
1. 
l. 


33.9 


rABLE 5. Aromatic-X Profits. 
(¢/gal) 


1960 5 1965 Plant 


Plant investment . 40.0 : 48.8 
Working capital tues ae » 6.2 


45.0 Bul 55.0 


Production and sales costs . 28.0 38.8 
Price of Aromatic-X .........35.0 40.0 


Profit: pre-tax 


7.0 . 1.2 
after-tax 3 


a Le 0.6 


Return on investment c 1% 


costs. This situation should hold true in most cases, since 
these items generally account for at least 50% of manufac- 
turing costs. No change is indicated for depreciation, since 
it is a fixed item. 

The effect of such estimated changes in costs on the 
profit of a product is shown in Table 5. The left-hand 
column reflects current conditions. At a price of 35 cents 
per gal of Aromatic — X, the return is 8%. The investment 
figures are in cents per gallon of annual capacity. 

With a plant built in 1960, the 1965 costs will yield a 
low profit of only 2%, if there is no change in the 35-cent 
price of Aromatic — X. Of course, even if the supply- 
demand forecast for the product assumes no change from 
the 1960 price, cost pressures alone are expected to raise 
the price to 40 cents per gal. At 40 cents, the return on 
investment in 1965 will be 7%. 

Effect of postponing a decision to build an Aromatic — X 
plant is also shown in Table 5. The capital requirements 
would be about 22% higher. The 1965 manufacturing and 
sales costs will increase, due mainly to a higher per unit 
rate of depreciation. Together, these two factors cut the 
return to only 1% 


Reliability 

The forecasting of costs and prices is based on a series 
of assumptions and opinions. Added to the usual +10% 
reliability of cost estimates themselves, these forecasts of 
cost estimates at best have a fairly low degree of reliability. 
Such long-range forecasts, however, do serve a useful pur- 
pose, even if they only indicate correctly the trend in profit- 
ability. Besides, such a detailed examination of the various 
factors which make up the components of a cost estimate 
provides management and the cost engineer with a good 
insight into the dynamics and importance of these individ- 
ual factors. kk * 
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EXPENDITURE OF CAPITAL in 
the areas which will yield the greatest 
return has always been industry’s 
major problem. Generally there are 
two routes that can be followed to 
improve the profit position of a com- 
pany. The first can be called the con- 
servative approach, in which decisions 
are based on maintaining or moder- 
ately improving the present pace with 
capital usually spent on a wide variety 
of cost reduction techniques. The 
second route can be called the liberal 
approach, in which decisions are aimed 
at broadening the avenue towards 
growth through unusual and novel 
ideas. Expansion through acquisition 
and merger could fall under this latter 
category. 

The term merger is used here in its 
general sense rather than in its legal 
sense to signify any combination of 
two or more companies. Therefore, 
statutory mergers and consolidations, 
acquisitions of stock or assets, and 
holding companies are included. Not 
included are leases and joint ventures. 

Consolidation takes place “when two 
or more companies by agreement and 
under the correct legislative authority 
become united into a new corporation.” 
The right of these corporations to con- 
solidate or merge must be provided for 
in their charters, but it is not difficult 
to amend a charter. 

Merger is very similar to a consolli- 
dation. In practice, the two terms are 
used interchangably. Even official cor- 
poration reports and statements refer 
to consolidations as mergers and vice 
versa. Merger differs from consolida- 
tion in that a new corporation is not 
formed; rather, one of the corporations 
survives and absorbs the other. Like a 
consolidation, though, it occurs under 
definite statutory regulations and pro- 
cedures 


Three methods of merging are the 
normal statutory merger, the holding 
company, and the sale of assets 

Statutory merger occurs when the 
stock of one company is bought by 
another company and then this latter 
company assumes all obligations and 
acquires all assets. 

The holding company is any corpor 
ation that owns the stock of one o1 
more corporations for purpose of con 
trol rather than investment. If the com 
pany owns less than 51% of the voting 
stock, working control might be 
achieved. If it owns more than 51% 
it has virtually absolute control, but 
might be limited in its freedom by 
minority stockholders; 100% control 
eliminates all problems of minority 
interests. The stock may be acquired 
either by cash purchase, issue of senior 
securities, or by exchange of equity 
shares. Further, the acquisition terms 
may be made through negotiations with 
management representing the majority 
stockholders or through public tenders 
(subject to approval of stockholders ) 

Purchase of assets occurs when one 
company buys all or part of the assets 
of another company. The purchase 
may be for cash, securities of the 
acquired company, or both. The pu 
chaser may leave behind certain assets 
such as cash or investments and assume 
certain liabilities thereby reducing the 
amount to be paid. The selling com 
pany may continue in existence, but 
usually it dissolves after paying off the 
remaining creditors, It also may remain 
in existence as a corporate shell for 
reinvestment of the funds received 

There are definite advantages and 
disadvantages to the purchase of assets 
method of combination that will deter 
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mine whether or not it should be used. 
Advantages may be summarized as 


follows: 


|. Purchase of assets is easily 
effected, since usually only the seller's 
stockholders need approve. 


2. The buyer can acquire only those 
assets and liabilities actually wanted. 


3. Where state law prohibits merger 
or consolidation, this may be the only 
possible means of combination. The 
purchase might simplify procedures 
even though merger would be per- 
mitted. 


4. The buyer need not worry abou: 
acquiring undisclosed liabilities. 


5. There may be tax advantages to 
the buyer from writing up assets and 
then determining a higher basis for 
tax deductible depreciation. 


Reasons for merger 

Underlying incentive for merger 
and/or acquisition is improved profits. 
Although profit is the incentive, there 
are basically seven advantages sought 
by acquiring companies when consider- 
ing an acquisition: 


1. Additional capacity to supply a 
miarket already supplied by the buyer. 


Lengthened product lines. 


3. Product diversification 


4. Facilities to produce goods the 
acquiring firm had originally pur- 
chased. 


5. Facilities to process or distribute 
goods the acquiring firm formerly 


sought. 


6. Facilities in markets not pre- 
viously served but of the same type 
already served by the acquiring firm. 


7. Other advantages (empty plants, 
patents, etc.) 


Valuation 


Once a firm finds a business suitable 
for acquisition, the buyer must decide 
on a sound purchase price. This 
involves an analysis of the value of the 
company to be purchased. Factors to 
be considered in determining this valu- 
ation include the company’s earning 
power, asset values, dividend pay- 
ments, market value, reproduction or 
substitution costs, and certain intangi- 
bles such as good will, technical know- 
how, market position, personnel, etc 


Earning power 

Earning power of the two companies 
is usually the most important single 
factor to be considered in the valua- 
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tion. Consideration must be given not 
only to present earnings but to past and 
future earnings as well. This will permit 
the valuation to include trends in earn- 
ings, particularly in relation to other 
companies in the same industry, and to 
other industries or to the economy as a 
whole. It is necessary that the valuation 
be dynamic rather than static. One 
must not forget, though, in analyzing 
earning power from statistical data, to 
make allowances for variations in the 
accounting procedures such as inven- 
tory evaluation and depreciation policy. 

Calculation of valuations based on 
earning power may be done in one of 
two ways: an over-all approach or a 
detailed approach. In the over-all 
approach, valuation is done by the 
capitalization of earnings. The earnings 
used are based on judgment, giving 
weight to the past, present, and pro- 
spective capacity of the company. The 
economies expected to be gained 
through the merger should be included. 
The seller’s business is then valued by 
capitalizing the estimated normal earn- 
ings on the basis of rate of return that 
a prudent buyer would require on an 
investment in the particular business 
or industry. For instance, if the acquir- 
ing company is estimated to earn 
$1,000,000, and a desired return is 
10%, the purchase price would be 
$10,000,000. 

In the detailed approach, the valua- 
tion is determined by the estimated 
value of the separate components of 
the going business. The first step in this 
procedure is an estimate of the fair 
market value of the several kinds of 
tangible assets. Next is the valuation 
of those tangible assets that have a 
determinable market value such as con- 
tracts, leases, licenses, etc. After the 
liabilities of the seller have been exam- 
ined, the final step is the allocation of 
earnings to the assets and the capitali- 
zation at an appropriate rate of return. 
If the rate of return on intangibles 
results in an allocation of earnings to 
them that exceeds the remainder of 
earnings after the return on tangible 
assets have been deducted, it is assumed 
there is no measurable value in other 
intangible assets such as good will. The 
value depends upon the existence of 
excess earnings. If the earnings on 
intangibles are less than the remainder, 
the excess capitalization of earnings is 
considered to be the fair market value 
of good will 

A company with rapid earnings 
growth wants valuation to be based 
on earnings. A company with low, 
static earnings wants the valuation on 
book value. Valuation based on asset 
values only, suffers from the obvious 
limitation that assets of themselves do 


not give a return to the _ investor. 


Rather, it is the use to which these 
assets are put that is pertinent. 


Dividend payments 

This factor is important to the pre- 
ferred stockholders and in comparing 
companies that have widely different 
dividend policies. In some cases the 
dividends do not serve as a prime 
method of valuation, but merely as an 
additional bargaining point during 
negotiations, or as a statement of divi- 
dend policy to be followed after the 
merger. 


Market value of stock 

Market valuation of stock is a major 
basis for valuation. Here all the value 
factors are combined into one valua- 
tion in an open and free market. To 
be of any value, however, the stock of 
the companies must have a_ broad 
market and must be studied over a 
considerable period of time in order to 
eliminate any abnormalities. Stock 
prices are determined by many per- 
sonal likes and dislikes. The popularity 
of particular issues need not be based 
on sound business reasons. Also, insti- 
tutional investors have entirely differ- 
ent reasons for buying and are looking 
for different results. 

To get a more realistic approach to 
the problem of valuation in mergers 
and acquisitions, some industry 
mergers were studied,* the results of 
which are shown on Table 1. As noted 
above, there are many reasons for 
valuation and in some instances it is 
very difficult to analyze the one out- 
standing comparison which was used 
as the basis for valuation. 

Companies A and B merged on the 
basis of 1.0 share of A for every 1.75 
of B. By observing the data, one can 
see that the average rate of earnings 
per share of A to B? is 5.0 compared 
with the last year’s rate of 1.04. It can 
be seen in this situation that the 5.0 
average as a basis for valuation was 
tempered with this last year ratio of 
1.04 to arrive at the final ratio. 

In the situation in which Company 
C merged with Company D, the ex- 
change ratio was 1.4 shares of C for 
every 1.0 of D. The data points out 
that the stock prices were the basis 
for this valuation instead of the earn- 
ings per share. 

The exchange ratio for Companies 
E and F was 1.5 of E for every 1.0 of 
F. The | year average earnings for the 
last year was 1.5, while the ratio of 
stock price was 1.0. From this analysis 
we can see there was no relation to 

*The mergers actually occurred within 


last ten yeurs 
+Average means “4-year average.” 
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stock price in this valuation, but the 
merger was consummated based en- 
tirely on the 1 year earnings. 

A situation where the stock price of 
the two companies was the basis for the 
exchange ratio is the merger of Com- 
panies G and H. The merger was con- 
summated share for share. The stock 
price average for a period of time was 
0.96, almost an identical share for 
share. Therefore, it can be assumed 
that the exchange ratio was based on 
stock price in this situation. 

Under normal circumstances, book 
value is not used as the basis for valua- 
tion, although it seemed to be in the 
situation where Companies I and J 
merged. The book value, though, was 
not the only basis for the exchange 
ratio. Actually in this situation the 
average earnings per share and the 
stock price average of .85 and .78 
respectively for J over I is almost equiv- 
alent to the book value of .80. It seems 
evident that because of the closeness 
of the three averages, the 1.25 of | 
for 1.0 of J could be based on one or a 
combination of all three of the indi- 
cators. 

Companies K and L produce a situa- 
tion where the exchange ratio seems to 
be based on | year earnings only. The 
table indicates that neither dividends 
nor stock price are even remotely close 
to the actual 1.6 of K for 1.0 of I 
which was finally consummated, al 
though the ratio of stock prices is 
exactly reversed. 

In still another situation merging 
Companies M and N the 1.33 of M for 
1.0 of N seems to be based on none of 
the standard ratios. Undoubtedly, in- 
tangibles were an important factor 


Acquiring- Earnings Per Share 

Acquired 

Companies 1 Year 
A 1.40 1.48 
B | 34 0.30 
A/B 5.0 


Average 


Cc 3.75 24 
D 3 61 9) 
D/C 2 
9] 
7s 
9 


4] 
4 
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Valuation procedures vary from 
merger to merger but in essence they 
all have to revert back to the earning 
power of the companies and market 
price of the securities. Of secondary 
importance are asset values and divi- 
dends. It would be difficult to correlate 
the results of any of the mergers with 
any one indicator used for the valua- 
tion. It has been shown that one/or 
more than one of the indicators was 
used many times as the basic indicator 
for the valuation. In some cases the 
concrete factual information is set aside 
and the final valuation is based on 
intangibles such as good will, patents, 
etc. 


Financing 

After the purchase price has been 
decided upon, the next step is to deter- 
mine the means of financing the deal 
Methods used to finance a merger or 
acquisition are cash, debt, stock, or a 
combination of the three. The choice 
will depend upon the following factors 


1. Relative size of the acquiring and 
acquired companies 


2. Capital structure of the acquiring 
company 


3. Cash and working capital position 
of the acquiring company. 


4. Taxes 


Of course other factors will also 
enter into this decision such as future 
capital requirement, stability of earn- 
ings, growth prospects, investment 
market attitudes, and taxes. Of all the 
methods used, the most popular one 
is the use of equity through the 


TABLE 1. Mergers and Acquisitions. 
(Valuation data) 


Dividends 


1 Year Average | Year 
1 OO 1) 80 6 


None None 12.5 


exchange of stock. This is particularly 


true when the companies concerned 
are large. In this way the acquired 
company stockholders usually will not 
realize an immediate taxable gain. If 
cash or senior securities are used, a 
taxable gain is realized and the stock- 


holders must pay taxes immediately 

Financing of mergers or acquisitions 
via stock financing can be accom 
plished in one of two ways. First, and 
most important, is the use of authorized 
but unissued or treasury stock, or by 
increasing the authorized stock after 
stockholders’ approval. The 
method is the sale of stock in the open 
market followed by the use of the cash 
for an acquisition. In some cases a 
combination of the above methods is 
used to finance a merger or acquisition 
At times payment is partially in cash 
and partially in stock 


second 


Accounting 

A problem facing the surviving co: 
poration is how to allocate the correct 
values to the various assets taken ove! 
The logical basis for the valuation of 
the assets of the acquired company is 
the current market value 

There are basically two techniques 
used in accounting methods pooling 
of interest and purchase accounting 


Pooling of interest 

For accounting purposes, pooling of 
interest may be described as a “busi 
ness confirmation of two or more cor 
porations in which the holders of 
stock in the constituent corporations 
become the owners of a single corpo 
ration which own the assets and busi 
nesses of the constituent corporations 


Stock Price 


Book } xchange 


Average Value Merger 
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either directly or through one of its 
subsidiaries.” The attributes usually 
cited for a pooling of interest are: 


|. The intent of all parties must be 
to create a new joint venture 
from formerly separated busi- 
nesses. 


The combination must be sup- 
ported by sound business consid- 
erations. 


Activities of the companies are 
similar or complementary. 


Management of the acquired 
company should play an active 
part in the new corporation. 


The accounting system for pooling 
of interest involves the bringing for- 
ward of all the assets and liabilities of 
the constituent companies at former 
book values. Capital surplus and re- 
tained earnings are also combined. The 
amount by which the total par or stated 
values of the capital stock outstanding 
after the merger exceeds or is less than 
the total capital stock of a constituent 
company is deducted from or added to 
the combined capital surplus or if nec- 
essary from the combined earned sur- 
plus. 

Before combining, the assets and lia- 
bilities of the acquired company may 
be adjusted to meet the general ac- 
counting procedures of the surviving 
corporation. This may include uniform- 
ity of inventory evaluation procedures, 
depreciation methods, intangibles, de- 
ferred taxes, or accrued liabilities. 

An example of the way in which 
pooling of interest may be applied is 
shown in Table 2. One added feature 
is shown, however. Company X owned 
900 shares of Company Y prior to the 
merger at a book value of $20,000,000, 
a par value of $9,000,000. Company 
X's stock was not issued for these 
shares and they were eliminated from 
the combined accounts. The balance 
sheet entries were debits of $9,000,000 
to the Company Y account and $11,- 
000,000 to the paid in surplus account. 

The remainder of the outstanding 
Company Y shares were exchanged for 
Company X stock with a total par value 
of $5,000,000. The excess of the par 
value of the Company Y stock over the 
par value of the Company X stock was 
credited to the paid in surplus account. 
A secondary accounting adjustment 
was the elimination of Company Y 
good will via the earned surplus ac- 
count 


Purchase Accounting 

For accounting purposes, a purchase 
may be described as “a business com- 
bination of two or more corporations 
in which an important part of the own- 
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TABLE 2. Post Merger Accounting Treatment. 
Company X — Company Y 


Assets Company 
30,000 


60,000 


Current Assets 

Fixed Assets, Net 

Other Assets 

Investment in Company \ 
Stock at Cost 

Good Will 


2 000 


Liabilities & Net Worth 

Current Liabilities 6,000 
30,000 
5,000 


25,000 


Long Term Debt 
Preferred Stock 
Company X Common 
Company Y Common 
Capital Surplus 6,200 


Earned Surplus 20,000 


ership interest in the acquired corpora- 
tion or corporations is eliminated or in 
which other factors requisite to a pool- 
ing Of interest treatment are now 
present.” Purchase accounting usually 
arises from combinations financed by 
cash which are purchases of assets or 
stock. It does not occur in statutory 
mergers as a rule. 

When a combination is deemed to be 
a purchase, the assets of the acquired 
company should be recorded on the 
books of the acquiring company at 
cost. If cash was used, that is recorded. 
If securities are used, it is necessary to 
place a value on them. Par value is ob- 
viously improper since it has no cor- 
relation to the fair value of the secu- 
rity. Market value or the fair value of 
the acquired properties may be used 
The latter may be correlated by ap- 
praisers, but this procedure is seldom 
employed. Very often the company is 
acquired at a value greater than its 
book value. The excess of value may be 
disposed of as an intangible represent- 
ing patents, good will, etc. Those in- 
tangibles are subject to the following 
disposition: 


|. If the cost of intangibles applies 
to such items as patents, licenses, 
contracts, trademarks, copy 
rights, etc., which usually have 
a definite termination, it should 
be amortized over the shorter life 
of those terms 


If the cost of intangibles repre- 
sents good will, it is in effect the 
purchase of future earnings and 
preferably should be amortized 
against those earnings over a 
fairly short period. If there is no 
diminution of book value, it may 
be carried at cost instead of 


Thousands of Dollars 


Pro forma 
Adjustments 
Dr. (Cr. 


Pro forma 
X Company \ Combined 
6,000 36,000 
7,000 67,000 


iM 2 200 


105,200 


9.000) 
$0,000 
5,000 
30,000 


6,200 


25,000 


105,200 


amortized until a final charge 
takes place 


The above generally agrees with the 
procedures as stated in regulation SX 
of the SEC code. 

Here is a typical example of pur- 
chase accounting. One company pur- 
chases another for $10,000,000, an ex- 
cess of $2,000,000 over the transfer 
book value. This excess may be added 
to good will and amortized over five 
years. This is clearly a case of purchase 
rather than pooling of interest since 
there was no continuity of ownership 
Another method of handling this ex- 
cess is to add part of it to fixed assets 
and the remainder to intangible assets, 
both to be written off over some period 
of time. 
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OPTIMIZE CYCLIC PROCESSES 


H. E. SCHWEYER «¢ F. P. MAY 
Department of Chemical Engineering 
University of Florida, Gainesville, Florida 


CYCLIC OPERATIONS with a downtime, or turnaround 
period, provide an opportunity to apply mathematics to 
estimate the best cycle for design, or for scheduling when 
the equipment is already designed. In general, there are 
two types of optimization—those dealing with maximum 
average production rate and those dealing with minimum 
costs. 

In the first kind of model an optimum production time 
for a cycle results when the instantaneous production rate 
decreases with time because the total accumulated produc- 
tion for one cycle when divided by the total cycle time 
passes through a maximum. This occurs in many HPI proc- 
esses, and the basic model is similar for all cases. 

In the second kind of model an optimum production 
results because the total annual costs for a given annual 
production go through a minimum. This results when the 
cycle costs for a greater number of cycles at high production 
rates for the cycle are balanced by the greater number of 
cleanouts or turnarounds, with their respective costs for 
fresh charges, solvents, catalysts, etc. 

The setting up of models for these operations requires 
development of a background and descriptive vocabulary 
which is given in the following sections. They are based 
upon material in an available text* and newer material in 
2 forthcoming book still in preparation by the senior author 


Production rate 


The instantaneous production rate is the most important 
single factor in the cyclic operation model. In general, the 
production rate m may be written as some function of 
time... 


m = f(t), items per unit of ime . (1) 


The function of t may take a mathematical form from 
theoretical considerations or as derived from an empirical 
analysis of known data. 

For some operations the expression for the make rate 
m is of the form 


m = KMt*, items per unit of time . 
where K = a constant for the system 
size or capacity factor 
= production time 

=- constant 


This relation is identified experimentally by a plot on log- 
log coordinates of m vs time t since 
log (KM) (3) 


*H. E. Schweyer, “Process Engineering Economics,"" McGraw-Hill! Book 
Company, Inc., New York 


logm = alogt 
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A typical operation is filtration where M ts the area of 
the filter and a has a value of minus 0.5. 

in heat transfer operations where fouling increases with 
time, the overall heat transfer coefficient varies in such a 
manner that its reciprocal squared is often linear with time 
That is, 


overall heat transfer coefficient in Btu 
(hr — ft? — F) 

t = production time 
a,b constants 


where U 


Thus, by plotting experimental data and analyzing the data 
for an analytical relation we obtain 
l 
(at + b) 


. Btu ‘(hr — {t F) (5) 


Then the make rate in a heat exchanger for a constant driv 
ing temperature difference T and heat transfer area A 
would be 

AT 


m TA(at + b) . Btu /hr (6) 
(at + b) 


This is recognized as a special form of Equation | where 
A is analogous to the machine capacity factor. 

Note that any production operation may follow the form 
of Equation 6 where m may be pounds of product, feed 
rate, or any other measureable production quantity 

A third example of a process operation involving a de 
creasing production rate is the decrease in catalyst efficiency 
with the time onstream. For example, experimental results 
may show that a catalyst efficiency y varies with time as 
follows 


the fractional conversion of a feed quantity 
product 

t = elapsed time 
and a = constant 


where y 


Taking logarithms of Equation 7 yields 
log y = tloga (8) 


and a plot of log y vs time is a straight line on semilog co 
ordinates where log a is the slope of the line. 

The make rate for instantaneous production at any time 
for a uniform feed rate Q, might be of the form 


m Quy 


Q,a‘, items per unit of time (9) 
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which also is a special form of Equation | with Q, being 
analogous to a machine capacity factor. 

For the special case where the make rate is constant at 
any time for a given machine size, a simple relationship 
exists expressed as 


m = kM, items perunitoftime .. (10) 


constant 
machine capacity factor 


where k 
and M 


The value of k would vary with the system and for a fixed 
machine capacity the product of kM would give a constant 
make rate. 


Cycle operation 

Each succeeding cycle is the same as the preceding one. 
The general case for a decreasing make rate where the 
quantity produced during any cycle of make time t,, is 
given by the relation 


tm 
Q);, mdt, cumulative items per cycle -- 492) 


The value of the instantaneous make rate m is determined 
from the applicable relation in the previous development 
or any other relation that applies. After completion of the 
make time, the equipment is shut down and cleaned out 
during the period t, for downtime. After completion of the 
downtime a new production is started to make the total 
cycle time t, equal to the sum of make time plus downtime. 

In the cycles shown there is no dead time or interim 
time. That is, all of the cycle time is required for either 
operation or clean out. If there is any interim time, then no 
operations of any kind are being performed during the 
interim period. This will be discussed further in the next 
section. 

When the make rate is constant, Equations 10 and 11 
apply such that 

Q), kMt,, . mee (12) 


This is a special case of the more general one. 


Time _ relationships 
A general relationship between number of cycles, 
time, and batch size is... 


N H/t, = Q, /Qx. cycles in time period H 
where H = hours per year for the operation 
t, = total cycle time, hours 
Q, = total production in total time H 
and Q, = size of a batch = Q,t,/H 
The total cycle time general equation is: 
t, = ty + ty + t, total cycle time 


m = make time 
ty = necessary downtime or clean out time 
and t; = interim or dead time 


where t 


In general, the quantity Q;, made in any one cycle must 
equal the demand during the total cycle time. Usually this 
demand is taken as a constant withdrawal rate w where 


w = Q,/H 


Where the times are given in fractions of a year and H 
is unity (one year) then w and Q,y are numerically equal 
When there is no interim time, which is called continual 
repetitive operation, the total cycle time is t,, plus ty as 
illustrated in Fig. 1. There is one and only one combina- 
tion of machine size and make time that will meet these 
conditions at point a. 


Q;,/t,, items perunitoftime . . (15) 
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QUANTITY, Q 


QUANTITY Q 


For example, if the same machine size is used to give a 
batch at any point b with a shorter make time, then there 
will be some interim time for the same withdrawal rate. 
That is, there is excess capacity for the condition of no 
interim time as can be shown by redrawing the diagram 
as in Fig. 2. 

In this diagram production is stopped at point b, but 
the batch quantity Q, is greater than the demand needed 
in time t,, plus t, for the same demand rate w as in Fig. 1. 
The excess quantity is withdrawn during the interim time 
which is determined from the excess amount and the with- 
drawal rate. 

A similar result is obtained if an excess machine size 
or capacity is utilized for the same make time as in Fig. |. 
In this case the batch quantity would be as shown at point 
c for machine Y, but the make time plus downtime would 
be the same as before. For the same withdrawal rate the 
excess batch quantity would also yield some interim time 

This analysis means for a given make time and batch size 
the machine capacity is fixed and determined from Equa- 
tion 11 and the specific technical relation of Equation | 
for the instantaneous production rate m. 

In mathematical terms these conclusions are summarized 
in the statement that the batch size Q, and capacity factor 
are not independent variables and are related through the 
following equations. 

tm 


QO: - mdt 
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FIG. |. Operation with no interim time. 
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FIG. 2. Operation with interim time. 
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Du Pont“, News 


Number 108 in a series of bulletins for the Petroleum Industry 


WHAT’S 
PLAYING 

AT THE MOVIES 
TONIGHT? 


Chances are, if it hasn’t already ar- 
rived at your local movie house or 
drive-in theater, the oil industry’s 
new travel development movie will 
soon appear in your marketing area. 
It’s called “Down the Road.” It’s 
a full-color, CinemaScope featurette 
narrated by Lowell Thomas and 
sponsored by the Du Pont Petroleum 
Chemicals Division to stimulate 
American families to greater interest 
in the grandeur and heritage of this 
nation. International distribution is 
being made by 20th Century-Fox. 


Highway Adventure 


For ten minutes, the screen becomes 
a thrilling coast-to-coast highway 
adventure — cruising through the 
Canadian Rockies, the sands of Day- 
tona, the Painted Desert, a little 
village in New England... visiting 
great cities like New York and New 
Orleans... watching parades and 
football games...sampling the 
riches of America’s culture and his- 
tory in a breathtaking series of flash- 
ing scenes. 

All this is made possible by the 
family automobile, the magic carpet 
of the American public. This Du 
Pont film also includes scenes show- 


ing the importance of the service 
Continued on next page 


SS * ° 
A scene from the motion picture, “Down 
the Road.” Film encourages families to 
visit the scenic and historic beauties of 
the American continent. 
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Du Pont RP-2 controls pipeline 
corrosion for $0.0011 per barrel 


Every scraper run through a product 
pipeline costs you too much. 

Every hour lost in pipeline 
throughput, every filter replacement, 
every barrel of product made hazy 
by pipeline rust—they all cost you 
too much. 

There is an inexpensive way to 
cut these losses. As little as 1 to 3 
pounds of Du Pont RP-2 corrosion 
inhibitor, added to every 1,000 bar- 
rels of distillate, protects against 
pipeline rusting. 

Example: In a recent test, metal 
strips were inserted in a pipeline at 
various intervals up to 750 miles 
from the refinery. With only 2 
pounds of RP-2 per 1,000 barrels of 
gasoline ($0.0011 per barrel), 
corrosion control was satisfactory 


throughout the system. Many of the 
strips were entirely rust free even 
after 30 days. 


Marketing Advantages, Too 
What’s more, this is the same RP-2 
that (at slightly higher dosages) 
you can use to add several marketing 
advantages to your product — anti- 
stalling, carburetor-cleaning and 
surface ignition control. 

RP-2 is effective in automotive 
gasolines, fuel and diesel oils, avia- 
tion gasolines, jet fuels and other 
petroleum products subject to pipe- 
line transportation 

Details on this low-cost anti-cor- 
rosion protection are available from 
your Du Pont Petroleum Chemicals 
representative. 


OVER * 
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One man can easily carry an armful of 
lengths of “Delrin” acetal resin pipe. The 
2” pipe in 100 mil thickness, weighs only 
one-half pound to the foot. The pipe 


station in keeping the family auto- 
mobile running properly. 


You Can Tie In 

lf you are interested in tying in your 
own travel promotion with this 20th 
Century-Fox film (as many oil com- 
panies already have), your Du Pont 
representative will gladly give you 
full information on show dates in 
your market areas. 

Prints of a second Du Pont film 
are available for group showings and 
for television use. It is called “High- 
way Holiday”, and is also available 
through your Du Pont Petroleum 
Chemicals representative. 


EASTERN 
REGION 
TECHNICAL 
MANAGER 


GEORGE A. FINN is Technical Man- 
ager of our Eastern Region, head- 
quartered in New York City. 

Dr. Finn has been with Du Pont’s 
Petroleum Chemicals Division since 
June of 1953. Prior to his present posi- 
tion, he was assistant to the Technical 
Manager in the Eastern Region. Ear- 
lier, he was Manager of our Gulf Coast 
Laboratory in Houston, Texas. 

In the past eight years, he has had 
extensive experience in working with 
petroleum products and additives in 
the division’s Gulf Coast and Eastern 
Laboratories and in the main Petro- 
leum Laboratory located at Carney’s 
Point, N. J. 

Currently, Dr. Finn is active in help- 
ing a number of refineries and gasoline 
marketers to evaluate the various anti- 
knocks now available, and to decide 
which are most economically feasible 
to provide desired octane numbers. 
Having experience with all three major 
antiknocks, TEL, TML and TETRA- 
MIx* antiknock compound, Dr. Finn 
can give impartial help on all anti- 
knocks. 

Dr. Finn is well qualified to help oil 
refiners. He holds a B.S. degree from 
Holy Cross, a Ph.D. from Notre Dame, 
and has considerable practical  xperi- 
ence in petroleum technology. 


* Trademark 


comes in 20-foot lengths, can be field-cut 


easily to special lengths. 


—- 
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New lightweight pipe now 
helps oil men save money 


“What this industry needs,” it has been 
said, “is a corrosion-resistant, light- 
weight pipe for flow lines, gathering 
lines, water flood lines and salt water 
disposal lines.” 

Pipe dream? It was, until the recent 
arrival of a new kind of plastic pipe 
from Du Pont. It’s “Delrin” <Acetal 
Resin Pipe, the first and only plastic 
pipe yet made which can withstand 
continuous pressure surging, even in 
the presence of oil. 

“Delrin” pipe is unique in that it 
actually grows stronger, under continu- 
ous surging to a peak pressure, than 
when subjected to the same peak pres- 
sure under steady, non-surging 
conditions. 


Corrosion Resistance 

This pipe resists corrosion, of course — 
inside and out. It is strong in the pres- 
ence of oil even at high temperatures. 
It is tough. It resists solvents. It resists 
weather and withstands underground 
burial. 


SALES 


Chicago 3— 

8 So. Michigan Ave 
Houston 2— 

705 Bank of Commerce Bldg 


RAndolph 6-8630 


CApitol 5-1151 
Los Angeles 17— 

612 So. Flower St. 
New York 20 

45 Rockefeller Plaza 
Philadelphia 2 

3 Penn Center Plaza 
Pittsburgh 22 

1 Gateway Center ATlantic 1-2933 
San Francisco 4—111 Sutter St.. EXbrook 2-1934 
Seattle 3 -4003 Aurora Ave. N. . MElrose 2-6977 
Tulsa 1—1811 So. Baltimore Ave.. LUther 3-8581 


MAdison 4-1354 


212-CO-5-2342 


LOcust 8-3531 


Even sour crude oil and salt water 
have no corrosive effect on “Delrin” 
pipe. 

Yet, it is lightweight and can be 
quickly installed in the field. Integral 
joints are made by a simple heat-fusion 
process, taking only about 25 seconds 
to complete —and the pipe can be 
operated at full pressure immediately 
afterward! 


Other Savings 


Shipping, storage and handling of 
“Delrin” pipe mean savings for you. 
Extensive test installations at eight 
leading oil companies have helped to 
prove out these advantages. Results 
of those tests led to the recent com- 
mercial introduction of this pipe by 
the Du Pont Company. 

If you would like further informa- 
tion on the economies of “Delrin” 
acetal resin pipe, please write to: 
Du Pont, Polychemicals Department, 
Wilmington 98, Delaware. 


OFFICES 


In Canada—Du Pont of Canada Limited, Petro- 
leum Chemicais, 85 Eglinton Ave. East, Toronto 
12, Ontario ..HUdson 1-6461 
OTHER COUNTRIES: Petroleum Chemicals 
Division, Export Sales, Wilmington 98, 
Delaware fe . PRospect 4-5009 


86. us. pat off 


Better things for better living 
... through Chemistry 


Du Pont Lead Antiknock Compounds and other Petroleum Additives 


qov ER 
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Thus the 1. 
For example ; 


“quating these two. 
a, ; . a . (17) 


w(t, + ty + t) 


M = <a : 1) units of capacity . (18) 
and M therefore is not an independent variable but is a 
known function of two variables t,, and t, since all the 
other items in this equation are constants and known. 
However, if the operation is a continual repetitive one with 
zero interim time then Equation 16 becomes 


O,.=wit,¢+t)..... CH) 
and the interim time is not a variable in the analysis which 
constitutes a special condition for the operation. 

When an insufficient amount is made in a batch to meet 
demands during the make time and necessary downtime, 
then the problem conditions cannot be met without special 
considerations of overlapping with multiple units. This 
aspect also will not be discussed here. 

It will be observed there are several rates involved in the 
cyclic process operation 

1. The instantaneous rate, m 

2. An average design rate during producing operations 

equal to Q,/t,, 

An overall average production rate equal to R 

A required average production rate or demand rate 
w = Q,/H. 


Maximum rate considerations 

Under the conditions of a decreasing make rate with a 
constant downtime the overall average production rate R 
will go through a maximum for any given machine capacity. 
This is illustrated in Fig. 3 where a machine can be run for 
times t,, t,, or t, to produce quantities Q,, Q,, or Q, respec- 
tively. The overall average rate is defined as 


: mdt 


R ; ,itemsperhr . . . (20) 
m 7 d 
This average rate is the slope of the dashed lines connecting 
the origin with the respective batch sizes for different times 
in Fig. 3. 

As shown, a low average rate results for a short time 
t, because the downtime represents a large proportion of 
the total cycle time. When operating for time t, a low 
average rate results because the instantaneous rate has 
decreased to a low value. Somewhere in between these 
times, such as t,, an optimum time exists which gives a 
maximum rate as shown by the higher slope for Q.,. 

Where the mathematical model for the make rate m is 
known, then Equation 20 applies for the average rate and 
the optimum operating time may be obtained analytically. 
This is obtained by setting the first derivative of Equation 
20 equal to zero and solving for the optimum conditions 
of either make time or batch size. 

From mathematical considerations it may also be shown 
that the maximum average rate occurs for the make time 
at which the instantaneous rate m or the slope of the curve 
in Fig. 3 is exactly equal to the overall average rate. Ex- 
pressed mathematically this condition exists when: 


tm 
mdt 


m= - —s items per unit of time 
m ~~ ‘ad 


which may be solved directly for the optimum t,,. 
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Applying this principle where Equation 2 represents the 
technical relation for productivity and there is ao interim 
time (or it is a constant equivalent to a portion of the down 
time, t,). 


KMt,**' 
t.+t, (a+ 1)(t. + te) 


tm 
KMt*dt 


or 
(a + 1)(t,, + tg) = ty 

and 
Optimum t,, 


—(a + 1)ty/a,unitsoftime . . (22) 

This result says the optimum make time is equal to the 
ratio of —(a+1)/a times the downtime and all operations 
with Equation 2 as the form for production will give the 
result indicated by Equation 22. Thus the optimum batch 
size is obtained by substituting t,, from Equation 22 into 


the equation for Q,... 
KMt,,"" 


a+ il 


Q, = “KMtedt 


KM 
[— (a + 1)t,/a]}**', items 


Optimum Q,, 
a-v 


(23) 


which simplifies readily when the constants are known 
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FIG. 4. Economic Balance for cyclic process under restraint 
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For example, in filtration where a equals minus 0.5 the 
result is: . 


Optimum Q, = 2KMt,° ow fe 


By corresponding manipulations for operations where 
Equations 6 or 9 apply for the technical or production 
relation it is possible to specify their respective optimum 
operation 

Note that the overall production rates for cyclic proc- 
esses do not go through a maximum but continually in- 
crease as the size of the batch increases. This is true when- 
ever a constant make rate applies for a strictly batch opera- 
tion is involved 


Optimum rate 

The process time for maximum rate as determined by 
the previous procedures may not be the best operating time 
for minimum costs. An economic balance may exist in 
the operation of a cyclic process whenever certain costs 
increase with increase in make time per cycle and other 
costs decrease with increase of make time. This is demon- 
strated in Fig. 4 for the idealized case. 

As shown, the annual costs for a given annual produc- 
tion go through a minimum at some optimum make time. 
This is true because as the size of a batch increases with 
increased cycle time then lower cleanout or turnaround 
costs are required each year. 

However, when larger batch sizes are made, the average 
operating costs per unit of product may be proportionately 
greater since the make rate decreases with time and rela- 
tive Operating costs per unit therefore increase with larger 
make times. Also, for restraint conditions of constant an- 
nual production with a fixed interim time (zero or finite), 
the fixed costs may increase with increased make time 
as shown. The form of this variation is specific for each 
process because of technical and economic reasons. 

The basic equation for annual costs may be written as 
follows, which assumes there are no costs for interim time 
except the fixed costs. 


( Nt,,C, + NtyCa 


' MC,, annual dollars . (24) 

where N = number of cycles per year equal to Q,/Q», 

t make time per cycle, hours 

( hourly Operating costs during the make time. 
$/hour 

ty turnaround time or cleanout time, hours 

C, = total turnaround or cleanout cost per hr 

M some capacity factor 

and C, annual fixed charges per unit of capacity 

factor. These might also vary depending upon 
the magnitude of M. 

The number of cycles may be replaced by its equal 
@,/Qpy, and Q, is as defined in Equation 13. When the 
operation is fixed as continual repetitive with the interim 
time as Zero fixed as a constant value, then there is only 
one machine capacity that will give the required batch 
size for any given make time t,,. This relationship is de- 
fined by the particular form of Equation 11 that applies 
for the technical operation concerned. As illustrated by 
Equation 18 from Equations 11 and 16, the machine capac- 
ity factor is defined by 

w(i,, + ta + t) (a 1) s 
M (25) 
5 ae 

Considering all these factors and conditions Equation 

24 may now be written in a form suitable as a mathemati- 


Q, \ mat 


cal model for analysis where Q,/Q,», 


Q, (t,,C teC,) 


\ mat 


MC,, annual dollars 


This equation may then be manipulated to determine 
the optimum make time t,, for minimum annual cost, 
subject to the restriction that the interim time is non-nega- 
tive (i.e., zero or greater). This restriction was stated by 
Equations 16 and 19 

When the capacity factor has been fixed, as for exam- 
ple where the equipment is already installed or some 
design capacity has been pre-selected, then this factor is 
a constant in the make rate m and simplifies the mathe- 
matics. In addition, the fixed charges in Equation 26 are 
constant and the last term has no influence on the optimum 
value when Equation 26 is differentiated. 

As an example of the use of Equation 26 for constant 
machine capacity, consider the case of a fouling heat 
exchanger already installed where the make rate is given 
by Equation 6 with AT fixed. Then the integrated make 


rate 1s 
b) at 


2AT[(at,, + b) 
The total cost equation is 
aQ,(t,,C, + tyCa) 


MC}, annual dollars 
2AT[(at,, + b)° b? 


(28) 
where Q, is the annual requirement in Btu. 

This formidable looking equation can be differentiated 
readily and simplifies when set equal to zero to give an 
optimum make time (for a fixed machine capacity) of: 
ty, 2 
C 


Optimum t (abtygC,C,) . (29) 
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This equation is evaluated readily when the constants 
and cost data are known. From t,, and Equation 27 the 
quantity Q, for one cycle is established. This quantity and 
the required demand rate w will determine the cycle time 
and its distribution according to Equation 16. The excess 
of total cycle time over the sum of make time and down- 
time will be interim time for the particular capacity factor 
considered constant in the analysis. 

It is interesting to note the annual production and 
machine capacity factors in Equation 28 vanish in the 
analysis and the constants of the rate relation are the con- 
trolling factors (along with the cost data) in fixing the 
optimum t,,. 

An alternative approach might be to consider where N 
in Equation 24 is replaced by H/t, and the resulting annual 
cost equation becomes 

H(t,,C, + tyCa) 


tn + ta + t 


MC}, annual dollars . (30) 


The variable t; which is a function of t,, may be re 
placed in terms of t,, from the relationship of Equation 
13 as follows... 


m 


HQ,/Q, 


t; HQ;/Q,—tm—ty - - . aa 


tt tt +t (31) 


Substitution in Equation 30 yields the same equation as 
Equation 28, which may then be analyzed as previously 
discussed and is subject to the same restrictions. 


A real world application of the cyclic model 

Practical application of the preceding principles is dem- 
onstrated by a real world problem for the operation cycle 
of a heat exchanger. During a calendar year of 8760 hours 
the fluid to be heated flows at a required production rate 
of 3 x 10° Ib per year. It is heated between two tempera- 
tures in a preselected heat exchanger setup. This opera- 
tion results in excessive fouling such that the facility has 
to be shut down and cleaned out at frequent intervals, 
with each turnaround requiring 8 hours for downtime. The 
hourly labor cost for downtime is $16 per hr and $4 per 
hr for operating time. There are no pertinent charges for 
interim time, if any, since these are included in fixed costs 
and all labor is used for other operations during any 
interim periods. 

From experimental data and its analysis it is estimated 
the instantaneous stream rate m in pounds per hour will 
vary with time on stream t,,, hours, as follows 


l 


m 


4x 10° “t,, 4 < 10 


It is desired to determine 

1. The optimum operating cycle for maximum overall 
production rate. 
The optimum operating cycle for minimum annual 
cost when meeting the required duty of 3 10° Ib 
per year through the exchanger. 


Solution 


Before starting the solution it may be helpful to note a 
few points. 

First, this is not a design problem, since the machine 
capacity factors (that is, heat transfer areas and tempera- 
ture differences) are fixed and therefore do not influence 
the optimum onstream time for either maximum rate or 
the minimum cost. The absolute total costs, of course, 
would have to include the amount for fixed charges 

Secondly, the make rate relation as given by Equation 
33 may be in terms of a mass flow m or heat transfer co- 
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FIG. 6. Operating cycles — production vs time. 


efficient U, such as in Equation 4, without changing the 
basic form of the relation since Btu per hour and pounds 
flow per hour are linearly related for a fixed area and 
constant temperature difference for heat transfer 

Third, the cycle for maximum production rate is based 
on production time plus downtime only 

Fourth, if the optimum batch size for maximum produc 
tion meets or exceeds the demand in time (t,, +t,), there 
will be zero or finite interim time, respectively, in the cycle 

Fifth, if the optimum batch does not meet the demand 
in the cycle period, then the machine capacity must be 
increased or the demand on production reduced 

Sixth, the maximum production rate cycle may be dif 
ferent from the cycle for minimum annual cost 

Finally, operation at a minimum annual cost for a fixed 
annual production will also be at the condition of minimum 
cost per unit of production since this is merely annual 
costs divided by the annual quantity which is constant 


Part I 
The maximum overall average production rate occurs 
> 


when Equation 20 applies. From Equation 33 of the prob 
lem statement 


m (4 10O°-**t 2 10 


m 5x 10°(0.01t 0.5) 


0.5 > 10° (0.01 t 


R 
t t 


Performing the integration gives a result of the same 
> 


form as Equation 2 


10°((0.01t,, + O 
R . lb/hr 


t + § 


When various values of t,, are substituted in this equa 
tion and the results plotted as in Fig. 5, a maximum value 
for the average rate occurs at t,, equal to 48 hours as shown 
Instead of plotting, the equation could be differentiated 


and equated to zero to solve for the optimum t,, for maxi 
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mum Q,/t,. The result would be at t,, equal to 48 hours 
as shown for the plot. An alternative general solution for 
this type of problem is given by Equation 35. 

With equations of the form of Equations 4 and 33 for 
the make rate, the optimum make time t,, for maximum 
rate can be shown by the methods used to derive Equation 
22 to be 

- 


—Waee, . . 8 


e 


Optimum t,, = ty + 


_Applying this equation with the data in the problem gives 


. 
8 + - 4x2x 10%~x 8 
4x10 * 


8 + 40 = 48 hours 


Optimum ¢,, 


The operating cycle for maximum production is illus- 
trated in Fig. 6 which shows a make time of 48 hours and 
a downtime of 8 hours for a total cycle time of 56 hours. 
From the numerator of Equation 34 the amount processed 
in one cycle Q, is 29.2 10° Ib every 48 hours of process 
time or every 56 hours of process plus downtime. 

On this basis the maximum possible annual production 
would be (8760/56) (29.2 x 10°) = 4.55 x 10*° lb. This 
is in excess of the annual requirement of 3 x 10° lb so 
there is some interim time. The interim time is computed 
from the demand rate w = (3 x 10°)/8760 = 3.42 x 10° 
lb per hr. 

Accordingly, each batch of 29.2 x 10° Ib will meet de- 
mands for (29.2 x 10*)/(3.42 x 10°) = 85.4 hours. 
Therefore, there is 85.4 — (48 + 8) = 29.4 hours of in- 
terim time in the complete cycle when operating at the 
maximum overall rate as illustrated in Fig. 6. 
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However, this operation may not be best for minimum 
cost which is considered in Part 2 of the problem. It will 
be noted in Fig. 5 that the average production rates are 
in excess of the required withdrawal rate of 3.42 x 10° Ib 
per hr for quite a wide range of process time; thus there 
are a large number of possible operating cycles. 


Part 2 

The analysis for minimum cost follows the procedure 
of the earlier sections using the basic Equation 24. By 
mathematical analysis of the model equation the optimum 
onstream time was given by the generalized Equation 29 
which also applies to the present problem or any other 
utilizing a relation of the form given in Equation 33. Thus 
the optimum onstream time for minimum cost from Equa- 
tion 29 is 


4 
10a 


t,, = 32 + 80.0 112 hours 


m 

Operation for this length of time is shown on Fig. 5 at 
point f to give a lower average make rate than for maxi- 
mum production rate at point e. At point f the batch size 
as computed from the numerator of Equation 34 is 57.6 
<x 10° lb, which is available after each cycle of 112 + 8 = 
120 hours. At the required withdrawal rate of 3.42 x 16° 
lb per hr, computed in the previous part, this batch size 
will meet requirements for a total cycle time of (57.5 
10®)/(3.42 x 105) = 164 hours. Thus the interim time for 
this operation is 164 — 120 = 44 hours as shown in Fig. 6 
with dashed lines. 

The interim time for the minimum cost operation is 
greater per cycle, but the number of cycles is less than for 
maximum rate operation. The net result is that the total 
interim time is (8760/164)44 = 2360 hours for minimum 
cost operation and (8760/85.4) (29.4) 3016 hours for 
maximum rate conditions, or greater for the latter as would 
be expected. 


Nomenclature 

= constant 

= capacity factor, area, size, etc. 

- constant 
hourly cost per cycle for cleanout, etc., i.e., turn- 
about cost, dollars per hour 

= annual fixed cost 
operating cost, dollars per hour 

= total annual cost 
hours per year 

= constant 

= constant 
production rate, items per unit time 
size or capacity factor 
number of cycles in time period H 
total production during the total period H 
quantity in a batch 
feed rate, units per hour 
average production rate, items per hr 
time, various units 

= downtime or turnabout time 
interim or dead time 

= production time or make time 
total cycle time 
temperature difference 
overall heat transfer coefficient 
withdrawal rate, items per unit of time 
efficiency factor for conversion or yield * * * 
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Part 2, Chapter 2g—Theory of Fractionation— Complex Distillation 


DISTILLATION . « « in view of Modern Developments 


KENNETH F. GORDON, University of Michigan, Ann Arbor, Michigan 


JAMES A. DAVIES, Texaco Inc., New York City 


A COMPLEX MIXTURE as described in Part I has such 
a large number of components that individual components 
cannot be separated by ordinary distillation methods. 
Usually these mixtures give a continuous laboratory dis- 
tillation curve with no breaks or discontinuities. If the 
number of components is not very great and the labora- 
tory distillation is precise, the distillation curve does show 
plateaus corresponding to pure components. These char- 
acterizing laboratory distillations are described in Part I. 
When fractionation of complex mixtures is required, 
different methods of solution must be used than heretofore 
described. There are three methods for solving complex 
fractionation problems and these will be described here. 


A. Componential Method 

If a relatively sharp separation into a distillate and bot- 
toms product is desired, a conventional fractionating column 
is required with rectifying and stripping sections. The 
solution also is made more or less conventional by approxi- 
mating the complex charge with a charge composed of 
finite amounts of fictitious or real components. Since the 
resulting charge is composed of distinct components, the 
fractionation calculations can be carried out by methods 
previously described for multicomponent fractionation. 


TEMPERATURE 


FIG. 1 
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However, there are some additional considerations beyond 
those in the usual multicomponent procedures that must 
be kept in mind when using the componential method of 
solution for complex mixtures. These are: 


@ The greater the number of components used to approx 
imate the complex mixture, the more nearly correct the 
solution will be. If a sharp separation is required, more 
components should be used than if a sloppy separation 
is desired. Experience is the best guide as to the choice 
of the number of components. 


@ Since the charge is complex, there will be a number 
of components appearing in both the distillate and bottoms 
product streams. 


@ Usually only the short-cut multicomponent methods 
of solution are justified. It would be unnecessary to use a 
tedious and rigorous method to make a sloppy separation 
Frequently the specifications set up for the desired sep 
aration result in a sloppy componential separation 


An illustrative example will be described here with the 
necessary steps outlined. It is assumed that the charge is 





represented by a laboratory true boiling point (TBP) dis- 
tillation curve carried out at atmospheric pressure, as shown 
on Fig. 1. It is further assumed that the proposed fraction- 
ation also will operate at atmospheric pressure, and the 
distillate product is to have a mole% material boiling above 
the specified cut point, A, and the bottoms will have / 
mole% material boiling below the cut point, A. Frequently, 
the product streams are specified as having certain ASTM 
distillations 

Sometimes there is no TBP curve available for the charge 
but only an ASTM distillation curve. While it is recom- 
mended that a TBP always be obtained for the charge, 
in those cases where one is not available, resort is made to 
the correlations’? in the literature for obtaining a TBP 
curve from an ASTM curve and vice versa. If the product 
streams have an ASTM curve specified, these correlations 
must be used to convert the calculated TBP of the product 
streams to an ASTM. The calculated ASTM curve is then 
compared with the desired ASTM curve. Fig. 10 shows a 
calculated ASTM curve for a product stream. 

Since the TBP curve is given in terms of liquid volume 
percent, some prior knowledge of the mole per liquid 
volume relationship of the charge is necessary. For the 
illustrative case Fig. 2 is a mid % point curve (see Part 1) 
determined in the laboratory showing moles per gallon of 
increments of the distillate vs liquid vol. % distilled. This 
is obtained by determining the molecular weights and 
densities of the incremental distillation cuts. Also in order 
to draw up a weight material balance, a density mid “ point 
curve must be made. This is shown on Fig. 3 

The steps necessary to calculate the fractionation require- 
ment of a complex mixture are as follows: 


1. From Fig. 1 and 2 draw up Fig. 4 which is a TBP 


c 


in mole % terms. 


Step off fictitious components on Fig. 4 starting at 
the desired cut point A. In order to obtain the initial and 
end points as shown by the TBP curve, the lightest com- 
ponent will correspond to the initial point on the TBP curve 
and the heaviest component will correspond to the end 
point. All other components will be stepped off in such a 
manner that the area between the TBP curve and the com- 
ponent on one side of the point of intersection will equal 
the corresponding area on the other side of the intersection. 
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The resulting componential distillation curve is shown on 
Fig. 5. 

3. To each chosen component there must be assigned 
values of moles per liquid volume and density. These are 
obtained from Fig. 2 and 3 and are read off at the percent 
distilled corresponding to the mid point on the individual 
plateaus on Fig. 5. The slope of the vapor pressure curves 
for components similar to the ones contained in the feed 
should be known and similar slopes are assigned to the 
chosen components. The vapor pressure curve for each 
component then can be drawn up on a Cox chart. 


4. As in most fractionation problems there are four 
variables to choose before the entire system is fixed. If the 
concentration of one component is picked in each product 
stream and optimum trays are assumed, then only one 
remaining variable is left to be chosen. This is usually the 
reflux ratio. In the illustrative case components as such are 
not specified in the desired separation. In order to use any 
multicomponent method the approximate composition of 
the product streams must be available. Hence, a trial sep- 
aration is made and the resulting TBP curves of the product 
streams are calculated and compared with the specification. 

The distribution of the components between the overhead 
and bottoms streams are determined by a method similar 
to that discussed by Geddes.* A plot of the logarithm of 
the ratio of the moles of any given component in the dis- 
tillate to the moles of the same component in the bottoms 
against the logarithm of its vapor pressure at the average 
temperature in the column will result in a straight line. 
Fenske’s equation for total reflux states this relationship. 
However, Geddes® points out that normally for finite trays 
and reflux a straight line also obtains although it is not 
the same line. 

The split of two components must be assumed and then 
a straight line can be drawn through the two points. This is 
illustrated on Fig. 6. From this line the split of all the 
components can be determined. 


5. From the assumed splits obtained in 4 the composition 
of both the distillate and bottoms product can be deter- 
mined. From these compositions TBP curves of both 
products can be drawn in a similar manner that was used 
in choosing the components for the feed from the feed 
rBP. If the calculated TBP curves of the products closely 
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approximate the specified TBP curves, the assumed splits 
are taken as the desired ones. If not, a different split must 
be assumed and the TBP curves of the products recalculated. 
This is repeated until the calculated curves closely approxi- 
mate the desired ones. 


6. By one of the previously discussed multicomponent 
fractionation methods the desired reflux and number of 
trays are determined for the assumed split. If the method 
used involves two keys, the two components in the greatest 
concentration that are split with a ratio close to | should 
be used. If there are several choices, perhaps several trials 
should be used using different keys to find the effect if any 
on the answer. 

If a certain split of a third component is required in 
addition to the split of two other so-called key components, 
then the system is fixed because optimum trays are assumed 
as well. Of course, the split of the other components will 
not be quite the same as shown on Fig. 6. 


7. A material balance now can be made and the sizes 
of the required equipment be determined. 


B. Empirical Method 

The empirical method of calculation is used when crude 
oil or similar material is to be separated into a number of 
products not requiring precise fractionation. Normally the 
reflux requirements for fractionation are not determined 
and the reflux used in crude distillation towers is solely 
that demanded by the heat balance requirements as de- 
scribed below. The number of trays is then determined 
empirically on the basis of the reflux being used. Since a 
number of side stream products is present, each of these 
side streams is further fractionated in side stream strippers 
to improve the separation, particularly the initial boiling 
point. A flow sketch for a typical crude topping unit was 
given in the section on Types of Continuous Distillation 
Systems. 

Starting with a TBP or ASTM curve of the crude charge 
the crude fractionator is sized by the use of equilibrium 
correlations®:* and heat and material balances. The steps 
necessary to determine the size of the equipment for a 
crude topping unit by one method"? will be outlined below: 


1. It is assumed that there is a TBP curve, Fig. 7, 


PETRO/CHEM ENGINEER, June, 1961 


available for the crude and that the crude is to be separated 
into the following products: 
ASTM 
1.B.P E.P 
Naphtha 400 I 
Diesel oil 400 F 650 I 
Gas oil 650 | 
Reduced crude 
The reduced crude volume is to be a minimum. Since 
diesel oil is to be produced for sales, cracking in the heater 
and tower must be minimized and consequently a maximum 
temperature of 750 F will be allowed in the heater. Ex- 
perience tells us that with proper pipe sizing between the 
heater and tower and a normal amount of bottom stripping 
steam, the vaporizing zone temperature (the zone where 
the charge enters the tower) will be about 720 F. Also the 
tower should operate close to atmospheric pressure to 
minimize production of reduced crude. The density of the 
crude and products are known and the molecular weights 
have been determined for the distillate products. Reduced 
crude is the only product that is not a distillate one 


2. The amount of reduced crude must be determined 
first. This is done by trial and error. It is usually assumed 
that there is no excess reflux off the tray just above the 
vaporizing zone and that all the vapors from the charge 
in the vaporizing zone are distillate product vapors. Also 
the hydrocarbon vapors rising from the reduced crude 
stripping section below the vaporizing zone are negligible 

An atmospheric flash curve is drawn up by use of the 
correlations®:? from the TBP curve. This is shown on Fig. 8 

An estimation is made of the pressure in the vaporizing 
zone taking 0 psig in the reflux drum, 3 psi drop across the 
condenser and vapor lines and 0.15 psi per tray or about 
5 psi for the tower in this illustration. This gives a pressure 
in the vaporizing zone of 8 psig. An amount of reduced 
crude yield is assumed and the stripping steam is determined 
by using 0.5 Ib of steam per gal of reduced crude. The 
moles of hydrocarbon vapors can then be calculated since 
the reduced crude quantity is assumed. The hydrocarbon 


partial pressure can be calculated by: 


Moles of oil vapors Total pressure 


artial pressure 
P F Moles of oil and steam vapors 


(1) 
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The atmospheric flash curve is then redrawn at the 
hydrocarbon partial pressure in accordance with the cor- 
relations.®:* The vapor zone temperature is that flash temp- 
erature corresponding to the combined yield of naphtha, 
diesel, and gas oil. If this calculated temperature is not 
nearly the required 720 F, the procedure must be repeated 
using a new assumed yield of reduced crude until it does. 
Fig. 8 shows the final flash curve for the desired conditions. 

3. Now a material balance can be made since the yield 
of reduced crude has been determined. The ASTM end 
point (EP) of the naphtha cut is taken as the crude TBP 
cut point and this gives directly the volumetric yield of 
the naphtha. Likewise the amount of diesel oil is the vol- 
umetric percent given by the crude TBP curve between 
the specified ASTM initial boiling point (IBP) and EP 
temperatures. The gas oil yield is similarly determined. 
Chis is illustrated by Fig. 9. 

4. The ASTM and TBP curves of each distillate product 
can be drawn; only the ASTM curve is required. The portion 
of the crude TBP curve that lies, for instance, in the diesel 
oil boiling range should be expanded to a 100 percent basis 
as shown on Fig. 10. This would be the TBP curve of the 
diesel oil cut if perfect separation in the tower were 
achieved. Since perfect separation is not possible, it is 
assumed that the ASTM IBP and EP temperatures are 
the same as the TBP initial and final temperatures shown 
on Fig. 10. From the correlations®.’ the diesel oil ASTM 
curve can be drawn from the TBP curve on Fig. 10 with 
the above described adjustment in the IBP and EP tempera- 
tures. This curve is also shown on Fig. 10. If the TBP 
curve of diesel oil were desired, it can be drawn from the 
calculated ASTM shown on Fig. 10 with the use of the 
correlations.®:? This TBP curve will give a lower IBP and 
a higher EP than the perfect separation TBP curve shown 
on Fig. 10. This method, while empirical to some extent, 
normally is satisfactory. Crude towers can be designed 
and operated to give appreciable gaps between the ASTM 
EP’s and IBP’s of adjacent product streams. When this 
is required, the TBP cut points may be estimated to be 
in the middle of the gaps. The specified EP’s and IBP’s 
will be used in drawing the ASTM curves of the product 
streams. 

The ASTM curves for the other two distillate products 
should be drawn up. 

5. Calculate the overall heat balance around the tower. 
This is normally done by calculating directly the cooling 
or reflux load on the tower rather than equating the heat 
in versus the heat out since the amount of reflux is not 
known until the cooling load is calculated. 

Several assumptions have to be made first, however. 
These are: 

stripping steam temperature = 500 F 

stripping steam quantities: 

Ib/gal of product 

diesel oil 0.3 

gas oil 0.4 


Temperature drop in all stripping sections is 40 F. 

The drawoff temperatures from the tower proper (from 
the main tower to the stripper tower) and the top ternpera- 
ture must be initially assumed. This is usually done by 
experience, but, if found necessary, the ASTM 50 percent 
point may be taken as the first choice. These drawoff tem- 
peratures will be checked and corrected by the method 
given below. 

The first overall heat balance can now be made. The heat 
balance is made around the envelope shown in the sketch. 
The heat balance is the sum of: 

cool naphtha vapors from 720 to 300 deg 

cool and condensed diesel from 720 to 460 deg 

cool and condense gas oil from 720 to 650 deg 
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cool red. cr. liquid from 720 to 680 deg 

cool steam from 500 to 300 deg 
This equals the reflux cooling load. The amount of top 
reflux is then determined. The reflux temperature is fre- 
quently around 140 F. 

Now the assumed drawoff temperatures must be checked 
and the reflux load adjusted to agree to the corrected 
drawoff temperatures. This is done as follows: 

(a) top temperature 

Calculate the moles of naphtha, reflux and steam vapors. 
Calculate the hydrocarbon partial pressure: 








partial pressure = 


moles of naphtha & reflux ¢ total ¢ 
seenpapenceimmaionn . total top pressure 
total overhead moles of vapor PP 


a ae RS a a ee oe eS 


Draw a flash curve at the hydrocarbon partial pressure with 
the help of the correlation.’ from the naphtha ASTM 
curve. The final flash point on this curve is the dew-point 
and corresponds to the top vapor temperature. If uncon- 
densible gas is produced overhead in addition to naphtha, 
it is handled as an inert similarly to the steam. 

(b) Side drawoff temperatures 

Make a heat balance around the top section of the tower 
to just below the drawoff tray in question as shown on the 
sketch for the diesel stripper. Calculate the reflux leaving 
the envelope. 


NAPHTHA, REFLUX & STEAM—300° % 


REFLUX -140° 








STEAM -500° 











NAPHTHA DIESEL - 460° 


DIESEL 
REFLUX 
STEAM 





REFLUX - 500° 


It will be noted that the main tower drawoff temperature as 
suggested before is taken 40 deg higher than the stripper 
drawoff temperature. The vapor temperature from the tray 
below was assumed 20 deg higher than the drawoff tempera- 
ture. It also will be noted that the original overhead tem- 
perature is used rather than the calculated one. Since the 
reflux is determined by the originally assumed temperatures, 
they should be used along with the originally calculated 
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COMMON TO ALL PLANT OPERATIONS... 


UPGRADE PRODUCT QUALITY 
|) IMPROVE OPERATING EFFICIENCY 


ay 


©) REDUCE MAINTENANCE COSTS 


. . all important goals and a vital part of any plant operating program. 


We at Warner Lewis Company believe that our products can contribute substantially to the 
achievement of these goals in your plant. With the experience and knowledge gained by 
countless in-plant applications of our water separator/filters we welcome the opportunity to 
discuss the installation and operation of our equipment with you. 


Check this list for just a few of the many applications now serving the industry which might 
be of help to you: 


1. Products to storage: Warner Lewis separator/filters remove essentially all solids and 
100% of free or entrained water, even from product treated with corrosion inhibitors 
forming tight emulsions. 

. Caustic treating: Special Warner Lewis coalescing media remove traces of entrained 
caustic water from treating and washing operations. 

. Loading Rack: Warner Lewis separator/filters de-haze finished products, removing 
water cloud and solids such as catalyst fines. Insurance against costly customer 
complaint. 


. Warner Lewis separator/filters remove all free water and solids from process feed 
stocks, eliminate catalyst dilution. 

. Elimination of free water in process streams checks corrosion, cuts costly mainten- 
ance in heat exchangers and other process equipment, reduces inhibitor costs. 

. Where complete dehydration is used, Warner Lewis separator/filters ahead of desic- 
cant beds, remove all free water and provide longer desiccant life. 


. 100% free water removal checks interior corrosion in lines, vessels and storage 
tanks, eliminates costly repairs or replacement. 

. Efficient filtration eliminates solids build-up in lines, vessels and storage tanks, elim- 
inates costly cleaning operations. 

. Warner Lewis separator/filters prevent dilution or fouling of catalyst with water and 
solids. 


FREI IRMATION Let us show you the economy of installing and operating 
Warner Lewis separator/filters in your plant. Mail this check list today to: 


WARNER LEWIS COMPANY UM 


DIVISION OF CORPORATION STS 
PROCESS DEPT. e P. 0. BOX 3096 @ TULSA, OKLAHOMA Company 
IN CANADA: CANADA LTD. STRATFORD, ONTARIO BOX 3096 © TULSA, OKLAHOMA 
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The Ideal Combination For Your 


PERSONAL ENGINEERING BOOKSHELF 


i Personal Copies of 


Handbooks Reprinted 
From The Engineer 


[] HOW TO BE A MANAGER 
Oil industry leaders tell you How to 
Define Your Goal, Prepare for Pro- 
motion, Check Your Progress—a 40- 
chapter series appearing in monthly 
issues of the “Engineer”; handbook 
contains all published to date. 


0 





Drilling and Producing Handbooks 


PRACTICAL PETROLEUM 

ENGINEERING PRACTICES 
The complete “Atlantic Lectures” 
as presented at the University of 
Texas and published exclusively by 
The Engineer. 14-chapters, 17 top- 
flight engineers and superintendents 
in production, research, drilling. 








] HOW TO EVALUATE AND DEVELOP 


Refining-Petrochemicals Handbooks 





GAS-CONDENSATE RESERVOIRS 
W. C. Goodson’s 8-chapter analysis 
of fundamentals for evaluating and 
developing Gas-Condensate Reser- 
voirs; from discovery through eco- 
nomic depletion. 


] FUNDAMENTALS OF ROTARY 
DRILLING 
Newly revised Sth edition... 40 
practical chapters on Drilling Tech- 
niques, Equipment Selection and 
Maintenance. Over 18,500 copies in 
use throughout the oil industry. 


WELL WORKOVER HANDBOOK 
Tells when wells should be reworked 
. what techniques to use... how 
to check results. 


FUNDAMENTALS OF OjL AND 

GAS PRODUCTION 
Tells the most successful production 
techniques ... from the time a hole 
reaches pay dirt until production is 
flowing through the pipeline. 

ELEMENTS OF WATER INJECTION 
J. Randolph Buck’s analysis of the 
methods that bring maximum recov- 
ery at the greatest profit ... covers 
all steps including planning the pro- 
gram and evaluating the results. 


O 


O 


0 
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REFINING FUNDAMENTALS 
A book-length series on petroleum 
refining processes by Dr. V. A. 
Kalichevsky. 

MODERN GASOLINE PLANT DESIGN, 

ECONOMICS, OPERATION AND 

EQUIPMENT 
Ten chapters covering cold ab- 
sorption, conventional absorption, 
abbreviated plants, refrigeration, de- 
hydration, treating gas and water, 
plant instrumentation and plant cost 
estimating. Text amplified by 65 
flow charts, tables, nomographs and 
check lists. 


MECHANICAL DESIGN OF PROCESS 
TUBULAR HEATERS 
Dr. L. A. Mekler’s step-by-step anal- 
ysis of heaters design methods, 
engineering calculations, choice of 
materials and economics of design 
and operations. 


CHOICE, DESIGN, AND MAINTENANCE 
OF CENTRIFUGAL PUMPS 
Covers pump design and operation, 
including most frequent troubles, 
their causes, how they can be mini- 
mized or eliminated. 


2 Personal Subscription 


To The ‘Engineer’ Edited 
Expressly For You 


0 


0 


FINNED TUBE HEAT EXCHANGER 
DESIGN METHODS 
Liquid-liquid, partial and complete 
condensing finned tube heat ex- 
changer design. 
HYDROCARBON ABSORPTION AND 
FRACTIONATION PROCESS DESIGN 
METHODS 
A 132-page review and comparison 
of the many methods proposed dur- 
ing recent years, plus design meth- 
ods developed by Dr. W. C. Ed- 
mister. 





Pipelining Handbooks 





O 
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GAS TRANSMISSION AND 

PIPELINE FUNDAMENTALS 
Reprints of all chapters that have 
been published to date in this popu- 
lar Personal Study Course. Com- 
plete series, each chapter written by 
a field-experienced authority... 
covers design, construction, meas- 
urement, communications, mainten- 
ance and all basic phases of modern 
pipelining. 

PIPELINE HANDBOOK 
Annually revised special issue of the 
Pipeline Engineer — academic and 
advanced data presented in concise, 
easy-to-read tables, charts and 
methods descriptions for solving 
crude, products and gas pipeline 
problems. 

CORROSION NOTEBOOK 
Sixty-four page manual on corro- 
sion — what causes it, how to pre- 
vent it, how to find it, case histories, 
unique ideas in equipment and 
materials applications. 


ACCEPT ONE HANDBOOK FREE WITH YOUR SUBSCRIPTION 


SUBSCRIBERS: ORDER ADDITIONAL HANDBOOKS FOR ONLY $1 EACH 


Enter my order: 
PETROLEUM ENGINEER, Drilling & Producing 
PETRO/CHEM ENGINEER 
PIPELINE ENGINEER 
PETROLEUM ENGINEER FOR MANAGEMENT 


Name 
Title 


Company 


— 


Address 


City 
PETROLEUM ENGINEER 


BOX 1589 


C-44b 


C) $2 vr. 
0) $2 yr. 
C $2 yr. 
0) $4 Yr. 


Renewal 
$4 THREE YRS. 


O 
OC 
[] $4 THREE YRS. 
$4 THREE YRS. 
$9 THREE YRS. 


[] Home 
[] Company 


Zone _____ State 


PUBLISHING COMPANY 


DALLAS 21, TEXAS 


One Free Handbook 


PETRO/CHEM 


Add. Handbooks) @ $1 


Check Your Division(s): 


(] Drilling [] Pl. Contr, 
C) Drig. Contr. [] Refining 


[-] Producing [-] Petrochemical 


— 


} Ind. Prod. ] Nat. Gasoline 


(] Well Service 
0 


[] Products PI. CD 


Engr.-Constr 
Oi! Pipeline [_} Supply Co. 
Service Co. 


ia 


C] Ges Trans. [_] Manufacturer 
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FLASH CURVES OF CRUDE 


DESIGN POINT 


HYOROCARBON PARTIAL 
PRESSURE 
ATMOSPHER 
PRESSURE 


TEMPERATURE, *F 
TEMPERATURE, *F 


NAPTHA 








50 


LIQ. VOL. % FLASHED 


FIG. 8 FIG. 9 


reflux quantity. The correct solution will be determined 
faster if this procedure is followed. 
Calculate the diesel partial pressure by the equation: 


partial pressure = 
moles of reflux and diesel x total pressure 


moles of reflux, diesel, naphtha and steam from tray below 
s. > Am ee) a eae ee a 


Draw a flash curve for the diesel at the proper partial pres- 
sure from the ASTM curve. The drawoff temperature from 
the main tower is the initial point or bubble point on the 
flash curve. 

This procedure is repeated for the gas oil section. In each 
section the inert gases always are assumed to be the un- 
condensed product gas, steam and all hydrocarbon vapors 
other than the product being condensed on the tray in 
question. 

Using the new drawoff temperatures a new overall heat 
balance is made to determine a new reflux load. Then new 
drawoff temperatures are again calculated as before. This 
procedure is repeated until the temperature used in the over- 
all heat balance are the same as calculated from the flash 
curves. This usually takes about three trials. 

6. The number of trays are calculated by Packie’s 
method.'' The number of trays so calculated have to be in- 
creased if the tower is operated appreciably above atmos- 
pheric pressure. The trays are increased by the ratio P/20 
where P is the tower operating pressure, psia. In other 
words, Packie’s method will give the correct number of 
trays until the tower pressure is over 20 psia. The pressure 
correction term P/20, has been derived by one of the au- 
thors, from a study of crude towers operating from atmos- 
pheric pressure to 50 psig. 

7. The tower size and tray design can now be determined 
from the quantities calculated by the final heat balance. 
The methods used here are the same as for the conventional 
fractionation columns. This method, notwithstanding the 
assumptions, is accurate enough to design the great major- 
ity of crude towers. In certain cases modifications must be 
made. This is especially true where the yield of reduced 
crude or naphtha is large. 

The tower size would be limiting at the top tray in the 
illustration. In !arge installations, not all the reflux cool- 
ing load is introduced on the top tray thereby resulting 
in a small diameter at the top. The balance of the reflux 
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is introduced farther down the tower where the tower 
vapor and liquid load is less and occasionally at several 
locations. It is introduced usually as a circulating reflux 
stream, additional trays are added for the circulating reflux 
trays. The reflux cannot be added so low in the tower that 
the trays above have insufficient reflux to condense the de- 
sired side stream product. 

Another method of calculating crude towers is given 
by Nelson. *° 

Besides circulating reflux trays some towers have con- 
densing trays in place of overhead condensers, wash 
reflux trays below the lowest side stream drawoff, a 
short fractionating section just above the vaporizing zone 
to minimize metal impurities in the lowest side stream 
product, and buffer trays to compensate for large tempera- 
ture gradients when a cold intermediate reflux stream or 
a very hot charge is introduced. Special designs are used for 
the vapor disengaging devices in the vaporizing zones and 
for the various drawoff trays. 

The same method of design described above is used in 
vacuum distillation of reduced crude.* However, in this 
case since no product distillation specification is used, the 
drawoff temperatures are obtained by experience alone. Also 
the number of trays are determined by experience. 

It should be noted that the illustrative curves are drawn 
freehand and are not calculated on the basis of the TBP 
curve and the correlations. 


C. Integral Method 

This method treats the TBP curve mathematically as a 
continuous curve. Equations':?*:*-* for phase equilibrium, 
bubble-point, dew-point, total reflux and infinite trays have 
been derived. This method is tedious and, consequently, is 
little used. 
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This 12-inch, 300-pound Control Valve is one of 
many Super 70 valves used in the production of high 
octane blending stock at the Skelly Oil Company 
refinery in Eldorado, Kansas. 


Previously, the multi-stage centrifugal compressors 
used in platforming units contained movable inlet 
guide vanes to control the inlet flow of process hydro- 
gen. Partly because of anticipated chloride deposits, 
partly because of limitations in controllability, this 
12-inch valve was used instead of vanes. 


The valve must handle flow rates varying from 62 
to 100 MMSCFD at pressure drops as high as 100 
psig. A fully balanced, double ported inner valve is 
used which has its own specialized contour to insure 
good, stable control. The valve is positioned by 
manual air loading of the actuator diaphragm from 
the main control room of the platforming unit. Thus, 
another Super 70 valve has been successfully applied 
to overcome a specific fluid control problem. 


Why not contact BS&B the next time you need 
consultation on a fluid control problem? Or, for the 
complete Super 70 story, write BS&B, Dept. 4-GX6, 
7500 East Twelfth Street, Kansas City, Missouri. 








HPI 

index 

to products, 
literature 


All bronze industrial meters .. . for tem- 
peratures up to 240 F...are described 
in Bulletin P&I-666. Rockwell Manufac- 
turing Co. 

Circle number (41) on reply card. 


Armohib 31...new acid inhibitor. .. is 
appliceble for sulfuric, sulfamic, phos- 
phoric, or citric acids in metal cleaning 
and pickling. An aliphatic nitrogen com- 
pound, it is readily soluble in acid at use 
concentration and will not precipitate or 
cloud on use o¢ standing. Armour Indus- 
trial Chemical Co. 
Circle number (42) on reply card. 


Armors and retainers...for castable 
refractories and cements in HPI are 
detailed in an 8-page engineering data 
book. Three grid types are available... 
Gripsteel, Steel Grid, and Lance Grid... 
in carbon steel or any stainless of your 
choice. Bufnel offers complete engineering 
and fabrication services and claims sub- 
stantial savings can be realized in field 
labor, material, and job time. Bufnel Co. 
Circle number (43) on reply card. 


Automatic stream blending ... in systems 
ranging from two simple components to 
a multicomponent system for blending 
gasoline, jet fuels, solvents, lube oils, 
waxes, residual fuels, or asphalts.. . is 
described in new bulletin. B-I-F Indus- 
tries. 
Circle number (44) on reply card. 


Ball valve data ...is cataloged in detail 
in 32-page brochure. Contains informa- 
tion On manually and pneumatically 
operated ball valves in sizes from % in. 
through 12 in. Hills-McCanna Co. 
Circle number (45) on reply card. 


Besto-Tak ... asbestos tape with a pres- 
sure-sensitive adhesive backing... offers 
a quick, easy means of insulating pipe. 
Available for services up to 500 F in 
commercial grades, and up to 900 F in 
other grades. Johns-Manville. 

Circle number (46) on reply card. 


Big valve catalog .. . 132 pages. . . covers 
complete line of stainless steel valves and 
accessories for service where corrosion 
resistance is required. Covers design fea- 
tures, special operating mechanisms, 
materials of construction, principal dimen- 
sions, and cross-section drawings. Cooper 
Alloy Corporation. 
Circle number (47) on reply card. 


Calculators for field use ... combine ac- 
curacy, speed, and versatility of large desk 
calculator with portability of a pocket 
slide rule. Model 1, priced at $125, has 
8-digit keyboard, 11 digits in result dial, 
and 6 digits in counting dial. Adds or 
multiplies up to 99 billion and divides 
to 6 places. Model 2, costing $165, has 
11 digits in keyboard, 11 digits in result 
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A BS«B Safety Head! 


If you have a vessel or process system under pressure, you need a BS&B Safety 
Head. The Safety Head contains a thin metal disc which will rupture at a pre- 
determined pressure to give complete and instantaneous protection. 


Rupture discs are available in pressure ratings from 5 to 
100,000 psi., in standard sizes from 4 to 49-inch diameter. 
Disc materials include aluminum, copper, stainless, In- 
conel, Monel, nickel, silver and platinum. These discs are 
also available with non-porous linings, lead, Kel-F, Teflon, 
Plastic and spray coatings. 

Let us show you how a BS&B Safety Head will protect 
your process. Write: Black, Sivalls & Bryson, Inc., Dept. 
2-GX6, 7500 East 12th Street, Kansas City 26, Missouri. 
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BLACK, SIVALLS « BRYSON 


KANSAS CITY »« EOMONTON « LONDON « PARIS « THE HAGUE 
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i}. . . one of a series presented by 
Western Supply Company, Tulsa, to 
improve the “1.Q.” of engineers .. . 


MANAGEMENT STATUS: 
PDREAM OR MIRAGE? 
TECHNOLOGY AN ASSET, 
OTHER TRAINING NEEDED 


The complexity of modern industry 
has created a great demand for manage- 
ment personnel with engineering train- 
ing. Surprisingly, there is a very short 
supply of such men, i.e., engineers with 
enough potential to be groomed for 

executive functions. 


Historically, as big industry moved 
| out of restricted, private ownership into 
broader public ownership, two things 
happened, both of which added to the 
i) demand for “management men.” First, 
I public ownership made possible more 
diversified management, as opposed to 
the centralized control characteristic of 
family ownership. Second, the complica- 
j tions and diversification of modern in- 
iii dustry have sharply increased the ratio 
iit of executives to employees. Where the 
ratio was formerly approximately one 
executive to 100 employees, it is now 
! more like one to 35. 


Recognizing that employment has in- 

iii creased by about one-third during the 

ii] same period, the need for management 
personnel becomes clearer. Not only do 
few engineers graduate from school 

ii ready to be managers, few of us study 
courses as undergraduates which would 
prepare us for executive leadership later 
in our careers. Finally, as a prerequisite 
for managing the affairs of others, there 
is no substitute for experience. 


WHAT DO YOU REALLY WANT? 


If you are facing this important de- 
cision im your present status, get your 
future into focus before taking the step. 
Decide what you really want from your 
personal and business careers. It is some- 
times too easily assumed that all men 
want to move on to higher, executive 
positions. With few exceptions, all men 
pay lip service to “wanting to get 
ahead,” but too many of us hoodwink 
ourselves into believing this means man- 
agement responsibilities, without fully 
recognizing the significance of such a 
step. 


As a matter of fact, all men don’t 
want to advance into management. 
Some, however, find this out too late, 
for unless they are psychologically and 
emotionally suited for the rigors of man- 

! agement, the driving ambition to as- 
sume more leadership, responsibility and 
authority may not in itself be a worth- 
while goal. If a man is doing well where 
he is, it may be a mistake for him to 
try to move into the management orbit, 
for the move to management is not the 
only door to advancement 

|) FOOTNOTE: These are only the first few 

ii] paragraphs of Western's latest ‘“profes- 
sional advancement” series, Booklet E-9. 
Titled “Engineering-Management Status: 

| Dream or Mirage?" your copy is free 

} upon request. rite to Western Supply 
Company, Heat Exchanger Division 
Box 1888, Tulsa, Okla. — where your 
advancement is to our benefit and where 
the right decisions produce quality-design 
heat exchangers. 
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dial, and 8 digits in counting dial. Adds 

or multiplies up to 999 trillion, and 

divides to eight places. The Curta Co. 
Circle number (48) on reply card. 


Centrifugal separations for the Hydro- 
carbon Processing Industry... are treated 
in new brochure that describes and lists 
specifications for Merco centrifuges, Mer 
cone centrifugal screens, DorrClone sepa- 
rators, and Dorr-Oliver DSM _ screens 
designed for HPI applications. Dorr- 
Oliver Inc. 
Circle number (49) on reply card. 


Circular slide rule-calculator . . . available 
free to engineers...tells the corrosion 
engineer how much pipeline outer wrap 
he needs for any job and total cost of his 
materials. Owens-Corning Fiberglas Corp. 
Circle number (50) on reply card. 


Compressed air dryers... are now avail- 
able in 40 capacities, from 7.5 to 11,080 
cu ft per min at 100 psi, as result of addi- 
tion of three new sizes to the Van-Air 
line. Dryers operate without heat, power, 
or regeneration, need little maintenance, 
can be installed outdoors. Van Products 
Co. 
Circle number (51) on reply card. 


Continuous gas sampler... for accurate 
determination of chemical and physical 
properties of a gas ... is explained in new 
bulletin. Instrument will, over a 7-day 
period, accumulate at a constant rate a 
sample of gas to a final pressure at or 
near 300 psig from the sample source, the 
minimum pressure of which is not less 
than 340 psig. ARCCO Instrument Co., 
Inc. 
Circle number (52) on reply card. 


Controlling industrial fires with high-pres- 
sure fog...is subject of new pocketsize 
booklet. John Bean Division, Food Mach- 
inery & Chemical Corp. 

Circle number (53) on reply card 


Dry-type air filter...the new Dri-Pak 
Series 2000...is described in new bul- 
letin that contains dimensional drawings, 
performance data, space requirements and 
suggested specifications. Dri-Pak inflates 
when the ventilation system is in opera- 
tion, deflates when system is shut down, 
and has highest ratio of media area to 
face area in any filter of its type. Ameri- 
can Air Filter Co., Inc. 
Circle number (54) on reply card. 


Educto"...¥2-in. cast bronze unit that 
continuously and automatically entrains 
small sinounts of liquid in proportion to 
the flow of water or other fluid under 
pressure ...is described in supplement to 
Bulletin 2M. Schutte and Koerting Co. 
Circle number (55) on reply card. 


Engine exhaust snubbers . . . come in three 
models, each designed for a particular 
level of noise suppression. “First Line” 
is for use in installations adjacent to 
residential areas where absolute silence 
is essential. “Standard” is recommended 
for light industrial areas. “Compact” 
affords necessary silencing performance 
for heavy industrial areas and is ideal for 
most turbocharged engine installations. 
Burgess-Manning Co. 
Circle number (56) on reply card. 


Factors to be considered when installing 
emergency generators ...are detailed in 


FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS, SEE READER SERVICE CARD 


reprint of an article by Leonard Freeman 
of Onan Eastern Corp. It covers every 
phase of planning and engineering prior 
to actual installation of the unit. ONAN 
Division, Studebaker-Packard Corp. 
Circle number (57) on reply card. 


Fired immersion heaters ...for heating 
asphalt, Bunker “C” oil, and other liquids 
in tanks for loading, pumping, blending, 
or storage ...are explained in new bul- 
letin. Units are especially recommended 
for heating storage and mixing tanks 
where no suitable steam supply is avail- 
able, or where contents must be heated to 
a temperature higher than practical for 
steam. Brown Fintube Co. 
Circle number (58) on reply card. 


Flexon . . . new line of process oils for the 
rubber industry...includes 15 new 
grades of naphthenic and paraffinic rubber 
processing and extender oils and aromatic 
type oils. Humble Oil & Refining Co. 
Circle number (59) on reply card. 


Forged steel valves...ASA class for 
liquids and gases... are gy 2A in new 
16-page catalog. Orbit Valve C 

Circle number (60) on wh one. 


Forged steel weld couplets . . . with special 
“weld ring”...adapt to any pipe or 
vessel curvature by simply adjusting the 
height position of the couplet in the open- 
ing when welding. This assures correct 
positioning and alignment, a stronger weld 
without distortion, and no inside “icicles” 
of welding material. Folder SWC-1 gives 
complete information. Henry Vogt 
Machine Co. 
Circle number (61) on reply card. 


400-cycle induction heating booklet... 
answers many questions about why, when, 
and what to preheat and stress-relieve. 
Hobart Brothers Co. 

Circle number (62) on reply card. 


General criteria... for the effective use 
of platinum metals as catalysts in hydro- 
genations are reviewed in current issue 
of Engelhard Technical Bulletin (Vol. 1, 
No. 3). Engelhard Industries, Inc. 
Circle number (63) on reply card. 


HPI applications of the process vapor 
fractometer . . . are detailed in series of 14 
data sheets. Among applications covered 
are alkylation reactors, debutanizers, de- 
propanizers, ammonia plants, natural gas 
plants, and sulfur plants. Perkin-Elmer 
Corp. 
Circle number (64) on reply card. 


Heat exchanger catalog...24 pages... 
describes new line of “pre-engineered” 
shell and tube heat exchangers using stan- 
dardized components. Exchangers are 
available in three standard tube lengths; 
in 25 shell diameters; with 2, 4, or 6 passes 
tubeside, and for 150, 300, and 450-lb 
tubeside and shellside pressures. Griscom- 
Russell Co. 
Circle number (65) on reply card. 


Heat-resistant hose . .. can withstand tem- 
peratures as high as 300 F and pressure 
up to 200 psi. Made in a variety of dia- 
meters, it comes with built-in leak-proof 
nipples. Raybestos-Manhattan, Inc. 
Circle number (66) on reply card. 


Impinjet . . . impingement-plate-type 
scrubber for wet cleaning, absorption, or 
cooling of gases. ..can remove suspended 
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FLUID & GAS PRESSURE TANKS 


STAINLESS & 


corrosive acids and gases. 


J-1 PRESSURE TANK Siain- 
less steel, surplus aircraft oxygen 
tank. 48” long, 24” dia. Rated for 400 
P.S.|. working pressure, 18,000 cu. 
in, vol., 77.9 gal. capacity. 4%" pipe 
thread fitting at each end. New con- 
dition. Shipping weight 247 Ibs, 
F.0.B. Chicago. 

No. ——. 


G-1 TANK 
Clue Stainless steel, 
ee Capacity 2100 cu. 
in. (9 gals.) 450 
ar ¥," pipe thread port at each 
end. 24” long, 12° dia. Shipping 
weight 19 ibs. F.0.B. Chicago. (Two 
for $27.00.) 
No. AJ63 Each 


NON-SHATTERABLE CO: 
CYLINDER This type of pres- 
sure bottle was used by the Armed 
Forces for inflating life rafts. 18%" 
long, 3%" dia. Has 1%” pipe thread 
opening at one end. Capacity 2.98 
ibs, of CO.—at 1800 P.S.!. Shipping 
weight 10 ibs. F.0.B. Chicago. 





GROBAN SUPPLY COMPANY 





CARBON STEEL TANKS 
(GOVERNMENT SURPLUS BARGAINS) 


Steel tanks for the handling, storage and transportation of gases, bever- 
ages, fuels, hydraulic fluids and other liquids. Stainless steel tanks for 


¢.. me 

FREON TANK Capacity 22 oz. 
of Freon F22, 6 cc Methyl! Alcohol, 
18%" long, 2° dia. %" pipe thread 
opening at one end. Equipped with 
brass valve. Shipping weight 3 Ibs. 
F.O.B. Chicago. (Six for $8.00). 

No, AJ834 Each. | $150 


< 
D-2 AIR TANK Carbon steel. 
Capacity 500 cu. in. (approx. 2 gals.) 
450 P.S.i. 4%" pipe thread port at 
each end. 24” long, 6” dia, Postpaid. 
(Two for $8.50). 
No, AJ391 Each. : $495 

CORNELIUS 


HIGH PRESSURE 
( 1500-2000 P.S.1.) 


AIR 
COMPRESSOR 
Three cylinder, 3 
stage compressor, 
complete with 27 
volt, D.C. 20 amp. motor, with fan. 
Rated 1500 P.S.I. continuous duty, 
2000 P.S.I. intermittent. Pressure 
switch in base. As released by Air 
Force, in used, serviceable condi- 
tion. Covered by our 30 day GUAR- 
ANTEE, 1114” long, 7” high, 9 wide. 
Shipping weight 12 Ibs, F.O.B. Chi- 
cago. Limited quantity. 
No. AJ549 
Write today for FREE CATALOG 
of other EQUIPMENT BARGAINS! 











1139 SOUTH WABASH AVE., AJ-6, CHICAGO 5, ILL., WEbster 9-3793 








Here’s the help 


you need for 


precise 


chromatography 


Hamilton offers you a 
quality assortment of 


chromatograph accessories 


Each precision built of 
quality materials... to suit 
your laboratory needs 


Fraction Collectors* Vacuum , 


Probes « Admission 


Probes * Microliter Syringes 


500 ul to | ul * Gas-Tight 


Syringes * Chaney Adaptors 
* Medical Syringes * Special 


Purpose Needles 


FREE LITERATURE 
on Hamilton Chro- 
matograph Accesso- 


ries, just clip this 


© ad to your letterhead 


and mail. 








VAN-AIR DRYER Model 12500—typicol of large capacity Dryers 
being used in various types of plants 


COMPRESSED 


AIR DRYERS 
can TRIPLE the LIFE of 
PNEUMATIC EQUIPMENT 


By extracting water-vapor, potent acids and micronic 
particles from air system, VAN-AIR Dryers prevent 
corrosion, contamination and abrasion of pneumatic 
equipment. Removing these hidden by-products of air 
compression(notcapturedinaftercooler,receiverordrain 
filter) adds untold hours to the life of air equipment, 
while it also stops air lines from freezing—even in sub- 
zero temperatures indoors, outdoors, in plant or yard. 
The VAN-AIR Dryer is unique. 

VanA y NEVER needs regeneration. NEVER 
requires heat or power. NEVER 
causes volume loss or carry-over. Delivers air clean, 
sterile, non-toxic, non-corrosive and DRY (to zero® F. 
Can be installed outdoors. Operates at 

LOW cost of 


LESS THAN 1-CENT PER 18,000 CU. FT. 
Built in wide range of thirty sizes (and 
multiples) the VAN-AIR can treat ANY 
volume of compressor output from 
total air for largest plant to minimal 
air for smallest device. There is NO 
LIMIT. Smallersizes are rated forinstru- 
ments, spraying, automatic machines, 
mobile units, brake systems, etc. 
PLANT ENGINEERS — Look into the 
DOLLAR economy and PENNY cost of 
Van-conditioned compressed air. Ask 
for brochure on “Moisture Control.” 


dewpoint). 


PATS. PEND 


| VAN PRODUCTS CO. x Engineers * Manufacturers 
5857 SWANVILLE ROAD, ERIE, PENNSYLVANIA 


HAMILTON COMPANY, inc. 
P.O. Box 307V, Whittier, California 


FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS, SEE READER SERVICE CARI 
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materials in a gas stream that range from 
sub-micron fumes to dust particles in the 
larger micron sizes, with efficiency in 
excess of 99% on many types of dust. 
Both single and multiple impingement 
plate units are available. W. W. Sly Manu- 
facturing Co. 
Circle number (67) on reply card. 


Improved turbine pump...for boiler 
feed, condensate return, transfer, and 
circulation applications in plants schedul- 
ing weekly maintenance of packing.. 

has these general design limits: discharge, 
150 psig; suction, 30 psig; stuffing box, 75 
psig, and temperature, to 210 F. Has re- 
newable liners for quick, easy field repair; 
heavy stainless steel shaft (guaranteed 10 
years against breakage), and drip-proof 


bearing housing which insures against 
bearing failure. Roy E. Roth Co. 
Circle number (68) on reply card. 


Latest in popular series of “professional 
advancement” messages ...is entitled 
“Trained Specialists Vitally ‘Important in 
Process Engineering and Estimating.” 
It depicts value of specialization in the 
broad concept of the engineering profes- 
sion. Western Supply Co. 
Circle number (69) on reply card. 


Level control instrument line . . . includes 
electric and pneumatic transmitters that 
also provide indication and can perform 
“on-off” control functions. Suitable for 
corrosive service and pressures to 40,000 
psi. Available with buoyant and displacer 


Solves Specific HEAT TRANSFER PROBLEMS... 


Years of experience in engineering and fabricating of heat 
exchangers for the wide range of temperatures/pressures encoun- 
tered in refining-petrochemical-natural gasoline plant processes 
enables EFCO to offer service-proved engineering design and guar- 
anteed job rating. Mobil Chemical Company is one of many process 
equipment users who are benefiting from EFCO’s specialized expe- 


rience and engineering efficiency. 


This Mobil Chemical Company instaliation of EFCO exchangers, 
in the world’s largest ethylene unit at Mobil’s Beaumont, Texas 


plant, 


is typical of the many high-pressure, 


high-temperature 


exchangers designed and fabricated by EFCO. 


EFCO’S FOUR POINT PROGRAM PROVIDES: 


* service-proved engineering design ¢ guaranteed job-ratings « complete fabricating facilities 
* technical service before, during and after installation 


ASK OUR GULF COAST CUSTOMERS—THEY KNOW US WEILL 


Write for General Catalog 


ENGINEERS AND FABRICATORS, INC. 


P, O. BOX 7395 ° 


C-50 

















HOUSTON 8, TEXAS 


FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS, SEE READER SERVICE CARD 


floats for liquid or interface level or 
specific gravity applications. Brooks In- 
strument Co., Inc. 

Circle number (70) on reply card. 


M-S-A Pager ...doubles as a telephone 
and loud speaker. A 2-conductor wire con- 
nects Pagers to each other, and to existing 
telephone lines. Ten or more units can 
be installed on a single line, making it 
quite simple for a key man to be paged 
from a number of points simultaneously. 
In answering, a lift of the handset trans- 
forms the Pager into a telephone for semi- 
private conversation. Mine Safety Appli- 
ances Co. 
Circle number (71) on reply card 


Magnetic liquid level gages... feature 
unique safety design that gives absolute 
protection when dealing with problem 
liquids, toxic gases, and corrosion. Suit- 
able for liquid ‘evel or interface service, 
they will handle any liquid, dirty or clean. 
Pressures range from vacuum to 10,000 
!b; temperatures from sub-zero to 800 F. 
Catalog available. Jerguson Gage & Valve 
Co. 
Circle number (72) on reply card. 


Model M60 EPC starters and combina- 
tions...have been redesigned to offer 
great flexibility. New starters and com- 
binations are available in 7, 9, 11, and 
13-in. sizes, to take sizes 0 through 5 
starters and combinations. Crouse-Hinds 
Co. 
Circle number (73) on reply card. 


Physical properties of alloys...are de- 
tailed in 4-color brochure that gives 
scope of company’s facilities and charact- 
eristics of its metals. Ampco Metal, Inc. 
Circle number (74) on reply card. 


Pipeline-mounted centrifugal process 
pumps ...designated Type SPM...are 
subject of new bulletin. Designed for max- 
imum parts interchangeability, pumps 
have only six functional replacement 
parts and require no baseplates or found- 
ations. Pacific Pumps, Inc. 
Circle number (75) on reply card. 


Pneumatic valve position transmitter .. . 
Model AVPT...is discussed in revised 
bulletin. Operating on the force balance 
principle and designed for either rotary 
or straight-line motion, the instrument is 
ideally suited for applications in which 
knowledge of the position of a remote 
mechanism is important for accurate con- 
trol of processes. B-]-F Industries. 
Circle number (76) on reply card. 


Polyethylene glycols ...their properties 

and uses... are covered in 65-page book- 

let. Union Carbide Chemicals Co. 
Circle number (77) on reply card. 


Quartz-beam floodlight ...a compact, 
highly efficient unit designed for the 
quartz-iodine lamp ...is subject of new 
bulletin which gives specifications, photo- 
metric data. Crouse-Hinds Co. 

Circle number (78) on reply card. 


Quick-opening doors for process equip- 
ment... are explained in illustrated bul- 
letin. Biggs-United, Division of United 
Sheet Metal Co., Inc. 

Circle number (79) on reply card. 
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Performance proves it, year after year—you can 
count on Powell Valves to help you solve the toughest 
flow control problems found in refineries and 
petrochemical plants. 

This truly dependable performance results from 
many things—among them Powell's engineering 
know-how, accumulated during 115 years of valve 
manufacturing . . . and skillful use of the widest 


300-pound Stainless Steel Gate Valve—Fig. 2467. 
Bolted flanged yoke-bonnet. Outside screw rising 
stem. Fully guided solid or split wedges, integral 
seats. Sizes, 4” through 2°. Also designed in 
larger sizes, 2%" through 12”. 


200-pound W.0.G. Semi-Stee! Lu- 
bricated Plug Valve—Fig. 22076. 
Bolted gland type. Worm gear oper- 
ated. Sizes, 4” through 12”. Also 
available with spur gearing. 


selection of quality materials—bronze, iron, steel 
and alloys. 

Then, too, you can count on getting the Powell 
Valve you need, when you need it. That’s because 
Powell maintains a network of distributors backed 
up by factory inventories, warehoused “ready to go.” 

Get the full story from your nearby Powell Vaive 
Distributor, or write us direct. 


600-pound Steel Horizantal Swing Check 
Valve—Fig. 6061, flanged ends. Bolted 
cap. Renewable disc and seat rings. Has 
full flow area when valve is fully open. 


Sizes, 4" through 8°. 


DEPENDABLE 


THE WM. POWELL COMPANY CINCINNATI 22, OHIO 
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BIG IN THE RUBBER PICTURE 


The simple one-step HOUDRY 
DEHYDROGENATION PROCESS 
produces butadiene for synthetic 
rubber throughout the world. In 
addition, it can produce butene. 
Other mon- and diolefins may 


also be produced rT P= Wi 
from the corre- *| | | |  }\ 
sponding saturat- | 

ed hydrocarbons. 


PROCESS CORPORATION 
1528 Wainut Street, Philadelphia 2, Pa. 
*Houdry means Progress... through Catalysis 


Capacity placed 
on stream in the 


C-52 


U.S. since World War II is ca- 
pable of producing very close to 
50 per cent of the butadiene 
required by the domestic syn- 
thetic rubber industry. The 
HOUDRY DEHYDROGENATION 
PROCESS is also on 
stream in plants 
in Italy, West 
Germany, and 
Japan. Write for 
a full description. 


FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS, SEE READER SERVICE CARD 





Radi-Fin type direct contact gas heater . . 

raises temperature level of catalyst bed 
to 700 F during startup of plant for con- 
version of nitrogen and hydrogen to am- 
monia. Transfer of energy from heater to 
bed is accomplished by passing synthesis 
gas over the heater. The heated gas then 
releases some of its energy to the colder 
catalyst bed. Hynes Electric Heating Co 

Circle number (#0) on reply card. 


Removable tube bundles and full-floating 
head clamp-ring des'gn...are featured 
in new C-500 heat exchanger series. This 
design is highly advantageous for appli- 
cations where frequent cleaning of the 
tubes is necessary and/or where thermal 
differential expansion between the shell 
and tubes becomes a problem. American 
Radiator & Standard Sanitary Corp. 
Circle number (121) on reply card. 


Rotary compressor . . . for general pur- 
pose services, including those requiring 
delivery of oil-free air, gas, or vapor. . . 
is subject of Bulletin ACO 100.4. Capac- 
ity up to 21,000 cu ft per min and pres- 
sure up to 250 psig. Fairbanks, Morse & 
Co. 
Circle number (122) on reply card. 


Rotary positive blowers and gas pumps .. . 
3200 series ...are discussed in 12-page 
bulletin. Sutorbilt Corp. 

Circle number (123) on reply card. 


Rotary positive displacement blowers... 
Series 88... are discussed in 12-page bul- 
letin that explains operating principles, 
and contains dimensional charts and draw- 
ings. Gives maximum capacity and horse- 
power ratings for each of the six sizes in 
the series. Sutorbilt Corp. 
Circle number (124) on reply card. 


Rotation of seats...distributes wear 
equally over entire sealing surface of Type 
F gate valves, extending their life many 
times over that of valves with stationary 
sealing surfaces. They are non-lubricated, 
have low torque requirements, are avail- 
able in 2 to 36-in. sizes. Cameron Iron 
Works. 
Circle number (125) on reply card. 


Rust-Ban 190... reacts chemically with 
steel, to eliminate underfilm corrosion in 
finished product tanks. Humble Oil & 
Refining Co. 

Circle number (126) on reply card. 


Safe load tables, specifying data, and ap- 
plication pictures ...are among features 
of new 24-page brochure on gratings and 
treads. Literature also describes and illus- 
trates Ponbake, baked-on epon paint proc- 
ess specially developed for acid and alkali 
resistance and rugged, durable finish 
Blaw-Knox Co. 
Circle number (127) on reply card. 


Safe-T-Kase gages...which provide 
maximum viewer protection from explo- 
sive forces resulting from Bourdon tube 
rupture ...are detailed in new bulletin. 
J. E. Lonergan Co. 

Circle number (128) on reply card. 


Scale dissolution rates for sulfamic acid 
cleaners . . . plus diagram sheet showing 
simple equipment cleaning hookups .. . 
are included in new technical bulletin. 
E. 1. Du Pont de Nemours & Company 
Circle number (129) on reply card. 
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product development 
does NOT start. at the 
drawing board... 


in-plant research and development 
programs tend to concentrate 
primarily. on internal manufacturing 
improvements — and may not fully 
explore the fertile areas of product 
and market development. The 
creation of new products and 
markets: for the construction 
industries requires a well-rounded 
organization of engineers, 
experienced in all phases of 
construction planning, design and 
field supervision 
The Cerand Corporation is a 
practical-minded research and 
development organization — made 
up of men with extensive on-the-job 
knowledge of the techniques, 
equipment and materials used-in the 
construction industries 
Cerand can help you: 


o 
Develop new products for this $60 billion 
a ar field. 


Gain new construction markets for your 
raw materials. 
* 


Solve complex civil engineering problems. 


the cerand corporation 


Dept. 34 
285 Columbus Avenue Boston 16, Mass. 
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ON LINE BLINDING COSTS 
with 


HAMER LINE BLIND VALVES 


It takes one man just a few minutes to 
open and close a Hamer Line Blind Valve. 
Compare this with the old fashioned wo 
method of inserting and removing a 
“skillet” blind between multi-bolt flanges. 
Cost records from scores of users show 
Hamer Line Blind Valves save 90% and 
more every time a line is blinded. Multiply 
these savings by the number of lines and 
times they have to be blinded and you can 
quickly see why Hamer Line Blind Valves 
pay out fast. 


VISIBLE WEDGE LINE 
BLIND VALVE 
line movement necessary 
operate. No spillage or loss 
product 


Furthermore there is no product loss with 
most models of Hamer Line Blind Valves. 
Simplicity, positive visible shut-off, no 
contamination and safety are added bene- 
fits of Hamer Line Blind Valves. 


Hamer valves are applicable wherever 
lines require blinding. They are available 
in special alloys and with special trim for 
severe conditions. Write for Hamer Cata- 
log 60 for complete description of all types, 
sizes and pressure ratings. 


WELL EQUIPMENT MFG. CORP. 


HOUSTON. TEXAS 


3-BOLT LINE BLIND VALVE 


spreading are no problems 


| HV-2-61 


fne|— 








to 
of 


Particularly swvited for installations 
where slight spillage and line 





Division of CHIKSAN COMPANY a subsidiary of 
FOOD MACHINERY AND CHEMICAL CORPORATION 


S68! 


wetco 
SWATCH BLOCKS 


® 


= 


weco cH 


UNIONS Swivel. JOINTS §LINE ome ‘vauves ne. WALVES air ° Soren compounos 
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OUR DEGREE OF SUCCESS UP HERE... 


DEPENDS LARGELY ON OUR ‘SUCCESS 
WITH DEGREES 
DOWN 
HERE 


In the processing of fuels used in our country’s 

space program, temperature control is a vital 

factor. In addition to our part in this effort, Happy 

also helps solve the increasing problems of industrial 

heat dissipation. Let us furnish you @ fast and accurate 
quotation to your specifications. 


THE HAPPY COMPANY ® Drawer 770 ®@ Tulsa 1, Oklahoma 


FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS, SEE READER SERVICE CARD 


Scale models as engineering tools .. . are 
discussed in brochure describing benefits 
and savings that can be realized through 
building a model before building the act- 
ual plant. Industrial Models, Inc. 

Circle number (130) on reply card. 


Self-contained servo-actuator ... Mode! 
410...contains a servo amplifier, servo 
valve, and hydraulic cylinder. Can be ap- 
plied to control valves or to position tables 
when high-speed accurate positioning is 
required. Can also be applied to control 
valves that require extremely fast opera- 
tion, such as main by-pass valves, or boiler 
gas supply lines. American Measurement 
and Control, Inc. 
Circle number (131) on reply card. 


Self-draining control valve . . . Model 1900 
...1S designed to completely drain the 
line and valve body of complex fluids, 
slurries, and other flowing media which 
contaminate or tend to set up and harden 
in the system. The Annin Co. 

Circle number (132) on reply card. 


Sight flow indicators . . . are subject of new 
bulletin in which construction details, di- 
mensions, and operating limits are given 
for flapper and rotary types, with threaded 
and flanged connections. Schutte and 
Koerting Co. 

Circle number (133) on reply card. 


Spanseal control and line valves... are 
treated in 8-page illustrated bulletin that 
shows various models, applications. Con- 
trol valves are suitable for 1500-psi pneu- 
matic and hydraulic service and —40 to 
+250 F temperature range, while line 
valves are designed for 1200-psi pneu- 
matic and hydraulic service (2400 Ib test) 
and —40 to +250 F temperature range 
Ledeen, Inc. 
Circle number (134) on reply card 


Stainless steel temperature regulator . . 
designed to stand up under corrosive or 
erosive conditions...is suitable for 
steam, water, air, oil, gas, and petrochem- 
icals. Eleven ranges available to control 
temperatures from 10 to 450 F. Engi- 
neering information, flow curve, sizing 
charts given in Bulletin JNP-6. OPW- 
Jordan Corp. 
Circle number (135) on reply card 


Supreme plastic pipe . . . is discussed in 
new brochure that contains table of prop- 
erties, working pressure, flow chart, and 
other pertinent information to enable de- 
signers and others to evaluate quickly 
and easily the quality and performance 
capabilities of this polyethylene pipe. 
Johns-Manville Corp. 
Circle number (136) on reply card. 


Tank gages . . . high-pressure automatic 
Fig. 2500 series...are subject of new 
bulletin that contains installation dia- 
grams for various types. The Vapor Re- 
covery Systems Company. 

Circle number (137) on reply card. 


Test kits... containing meters of various 
sizes covering a wide range of flow meas- 
urements . . . are described in Specification 
Sheet 10A1010. Fischer & Porter Co. 
Circle number (138) on reply card. 
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TANK “GROWS” 26% to 61% — Here is how in-line 
blending increases tank utilization. With ordinary batch 
blending, minimum tank cycle time at this refinery was 
approximately 48 hours from empty to full to empty. If 
off-specification required reworking, a maximum cycle 
time of about 58 hours resulted. With in-line blending, it 
is reduced to a minimum of 36 hours — or a maximum 
of 38, if hold time is necessary for final sampling and 
testing. In this case, in-line blending resulted in a mini- 
mum increase of 26% to a maximum of 61% in tank 
utilization. By blending into and loading out of tanks 
simultaneously, an increase of over 100% is obtained. 





HE ARRIVAL OF ELECTRONICS on the scene has dramat- 
ically changed the outlook of in-line blending in the 
oil industry. 

Until now, you had to make such 
- © big changes in field piping that most 
New In-Line Blending Developments existing refineries could not justify 
the expense. In-line blending has been 
e . » . adopted at most new refineries, almost 
Save Dollars at Existing Refineries as a matter of course, but operators 
of older plants have had to stand wish- 

fully by. 

By B. G. Crane Now it is no longer necessary to make such extensive 
piping changes. With electronic control equipment and 
transmission of signals as digital pulses, you do not have 
to pipe gasoline components to a central meter station 
adjacent to a control room. 


Other Savings 


Not only do you save piping costs, but there are also 
definite savings in the size, location and installation costs 
of the control room and control equipment. 
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TANK UTILIZATION BATCH VS. IN-LINE BLENDING 


MAXIMUM TOP WORKING LEVEL 
2400.26.08 


2204.) 


\ 


Pumping Rate 
5000 bbis/hr \ 


CYCLE TIME 
"IN-LINE" 


MINIMUM 
MAXIMUM 


LIQUID LEVEL IN TANK 


MINIMUM HEEL 


24.0 \ ta08 


— \ 


os 3608 -4* 
\ 


ing Rate \ 
bbis /hr 


\ 


\ Loading Rate 
10,000 bbis/hr 


"B" \ 


CYCLE TIME 
" BATCH“ 


\ MINIMUM 


MAXIMUM 


\ 
\ 


\ 
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12 16 20 24 28 


36 40 


CYCLE TIME IN HOURS (Empty-Full- Empty) 


INCREASED TANK UTILIZATION- CYCLE TIME ONLY 


Minimum Increase 





Minimum by Batch vs. Maximum by In-Line 


48.12 + 38.12 = 1.26 or on increase of 


Maximum Increase 





Moximum by Batch vs. Minimum by In-Line 


58.12 + 36.12 = 1.61 or an increase of 


Constant-Concentration Loop 


Another new development is the constant-concentration 
loop for adding lead antiknock compounds. Often, lead 
blending facilities are far from the desired location of the 
gasoline blend header, necessitating relocation of the unit. 
The so-called “constant-concentration TEL loop” eliminates 
any need to move the blending plant or build a new one 
closer to the header. 

At one refinery, this constant-concentration loop will 
save $50,000 in construction costs. 


Greater Tank Utilization 


Since in-line blending can increase tank utilization as much 
as 100%, it may justify a closer look at many existing 
refinery locations — particularly where tankage is becoming 
inadequate or is in need of replacement. 

In-line blending speeds up blending time, permits you 
to blend closer to ultimate specifications with no “quality 
giveaway”, and gives operating flexibility never before 
possible. 

You save in many other ways, too. No reblending. Less 
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loss of light ends. Lower labor cost. Lower inventories of 
additives. Increased safety. These are all factors to con- 
sider when you compare in-line blending to your present 
batch or partially continuous method. 


8B. G. CRANE is Manager of Operations for 
Du Pont’s Petroleum Chemicals Division 
He has been active in the field of gasoline 
blending with antiknocks and other addi- 
tives for nearly 30 years, and has been an 
active participant in the development of 
in-line blending techniques. He recently 
spoke on this subject at a W.P.R.A. meet- 
ing, and reprints of his talk are available. If 
you would like a copy, contact your Petro- 
leum Chemicals Division representative 


LEAD ANTIKNOCK COMPOUNDS 
AND OTHER PETROLEUM ADDITIVES 


BETTER THINGS FOR BETTER LIVING THROUGH CHEMISTRY 


FOR FURTHER INFORMATION 
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Choosing an Antioxidant? 


DALPAC 4 


i be Say DT ree 
i) 
8 


FIRST AGAIN with 
ADJUST —ALL THERMOMETER 
Pat. =2,875,614 
adjustable stem length! 


A MILLION 
Adjust-Angle 
THERMOMETERS AGO sec. soc: nics 


years, to U.S. Patent No. 2,524,894 awarded to Weksler. Until a few months ago, 
Weksler was the only adjust-angle thermometer you could buy. Today you have a 
choice from several different manufacturers who are in first model production of 


this remarkable instrument. 


Thirteen years experience with a precise instrument represents a world of know- 


a decisive consideration in your choice of Weksler! 


NEW WEKSLER ADJUST-ANGLE INDUSTRIAL THERMOMETERS, 
COMPLETELY REDESIGNED, ARE FULL 2-INCH WIDTH... EASY 
READING ... HIGHEST ACCURACY IN ANY RANGE YOU DESIRE. 
7- 9- 12-INCH SCALE SIZES, PLUS EXCLUSIVE 5” SCALE SIZE! 


how... 





Write for Bulletin AA-60 


SAVES 


Refinery customers have found that, 
in comparison with other inhibitors, 
Dalpac 4 (Hercules 2,6-di-tert-butyl- 
p-cresol) saves up to three dollars on 
every thousand barrels of gasoline 
produced. Dalpac 4 inhibits gum for- 
mation, stabilizes gasoline color, and 
helps maintain engine cleanliness. 
Refiners have also found it to be ex- 
cellent in turbine and transformer oils 
w “07 sre it prevents deterioration, and 

ves not affect electrical prope rties. 


WEKSLER INSTRUMENTS For additional information write: 


CORPORATION 


195 EAST MERRICK ROAD, FREEPORT, L.!., N.Y. 


indicating and Recording Instruments for Temperature, Pressure and Humidity 


“ORIGINATORS OF =: 
WORLD RENOWNED : 
ADJUST-ANGLE = 
THERMOMETERS” 


FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS, SEE READER SERVICE CARI 
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Oxychemicals Division 
Naval Stores Department 


HERCULES POWDER COMPANY 


900 Market Street 
Wilmington 99, Delaware 
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-.WHY PETROLEUM PROCESSORS 
ARE BEGINNING TO GENERATE 
THEIR OWN GAS SUPPLY 


The new “packaged” type generator developed 
by Gas Atmospheres engineers, that drastically 
reduces gas costs even for minimum users, is 
a big reason why more petroleum processors 
are generating their own gas. 


INCREASED USE OF GAS, too, is a factor. The 
more gas required the greater the savings. 
Instead of an “‘incidental’’ it becomes a major 
area of cost reduction. 


FACTORY-TESTED SYSTEMS that come com- 
pletely assembled can be put “on line” in a 
fraction of the time formerly required. No job- 
site construction is required. 


STEP UP IN UNIT SERVICE provided by Gas 
Atmospheres’ Service Department to cut down 
time to an absolute minimum on any make 
of generator is another reason why generators 
are selling better in the petroleum industry. 


insulation (.020° to .500° O.D.) 
Texaco, Inc. uses this 10,000 cfh nitrogen/carbon dioxide 
Gas Atmospheres generator in the production of oil 
additives. A new 20,000 cfh unit was recently delivered 


for universal application 
especially when high tem- 
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PETROLEUM PROCESSING PETROLEUM PROCESSING P 
A 
{ 
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% 


peratures, high pressures, 


i 
i) 


AN 


4 


or space limitations are 


: 


rt) 
ay 
\) 
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factors, and for sensitiv- 
ity and quick response. 


“a 


Many sizes in I.S.A. cali- 
brations with 304 stainless 
steel or Inconelsheathand 
MgO insulation carried in 
stock. Hundreds of other 
combinations may be or- 


dered to suit conditions. 


a 


H 
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SS andi 1... BuckMasa Seed 
Get the facts on rigs =o 
XACTPAK today 
BULLETIN 1-500 
Thermocouples 
Fittings 
Connections 


tA an THemmocOne wom 

ome ; 
PACKAGED GAS SYSTEMS are designed and 
built for the production of nitrogen, carbon 
dioxide, hydrogen, inert, reducing and anneal- 
ing gases, as are complete drying and purifica- 
tion systems, by Gas Atmospheres, Inc., 3855 
West 150th Street, Cleveland 11, Ohio. 


Terminations 
and Assemblies 


CLAUD S. GORDON CoO. 


Manufacturers + Engineers + Distributors 


PETROLEUM PROCESSING PETR 


641 West 30th Street, Chicago 16, Ill. 
2047 Hamilton Ave., Cleveland 14, Ohio 


ae. SSING 
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PETROLEUM PRO 


FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS, SEE READER SERVICE CARD 


PETRO/CHEM ENGINEER, June, 1961 











ern Developments... 
neth F. Gordon of the University 


Pl PE JO] NT of Michigan and James A. Davies 
‘ of Texaco Inc.... published 


. CLAMP intermittently in Petro,,Chem 
\ Engineer since May 1959, has | 
STOPS LEAKS generated so much favorable 
“feedback” from engineers in MINIMUM 
, | Po & 


Perera | Deetston...tm view or ows | “SCOT” FORGED 


industry we are planning to offer HARDNESS 


at joint where pipe is the complete 64-page series in 

—Teig -\)"4-le Mi lahcomeladiale handy reprint form. You may GASKETS 
reserve your personal copy now | | 

by circling number 200 on the 
Reader Service Reply Card. Send Ask for "SCOT" Gaskets 

no money. We will bill you for at your Supply Store. 

$1 when we mail your copy. For ring Groove Flanges forged 
from reforging billets in the follow- 
ing materials in stock: Soft Iron, 
Copper, Aluminum, Inconel, Monel, 
Nickel; If, Cr i/ Mo., 2\/, Cr | Mo., 
ees Semana 9 Cr | Mo. 304, 310, 316, 321, 347, 


on enan ae a Ya Gadd Gena, | | 206, 410, 400, 082, 9001, 3161, 


with 500 HP naturai-gas engine Nickel a Kel F, Teflon. 
om. Machined in all A.P.I.—A.S.A. 

1 — Chicago-Pneumatic 3060 CMF air S sal et d ether * tached 
comp., 60 PSI, #19-32-30-18x24, Special sizes anc omer type, menud- 
steam driven. ing BX. 


KINNER-SEAI 20 — 27,500 gal. horiz. steel tanks, 
s s ASME 75 PSI WP. 


PIPE JOINT CLAMP stops i. 
leaks at joints where PERRY EQUIPMENT CORP. | -souertt Cotte 


pipe is screwed into fit- : 
a5 % 6 & Palle. 22, Fe 8220 Atlantic Boulevard 


ting. Any temperature— 
any pressure up to 2,000 pounds. POplar 3-3505 P. 0. Box 30, Bell, California 


Saves the cost of tearing out and 
renewing leaky fittings. Prevents 
shutdowns. In stock at most oil 
supply stores. 



































; For Rolling Tubes in Condensers, 

: ‘ Coolers and other Heat-transfer 

SKOSTR SEAL eer j Units you'll get Better results with 

EMERGENCY PIPE CLAMPS for safe, . ey IDEAL Tube Expanders No. 255 

sure, lasting repair of splits and : and 270. Ball bearing adjust- 

rust holes in pipe. No pressure too ; able thrust collar reduces fric- 

high. Anyone can apply in a few 4 Z| tion to a minimum. Sizes from 
moments. Made in all sizes, 2" to “ ” Py “4” they 1%” 

12)” for stee! and C.1. pipe. Stocked : = o Wiedeke iii manulacter- 

by practically all oil supply stores. ab eet 270 ing methods assure prompt serv- 

; ice and quick delivery. 


Complete line of i } a Alas Mies 
Repair Clamps. Ne. 270 or Write Us Today! 
Send for Catalog 54! ee eg 


M. B. SKINNER CO. THE GUSTAV WIEDEKE * ilemaes 


SOUTH BEND 21, INDIANA a: ae ae oe me | | 
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SAN DIEGO GAS & ELECTRIC MEETS 
BOOM WITH BUCKEYE DITCHERS 


Naval installations, airfields, produc- 2 - 
tion of missiles and jetliners—San Me cll 4 
~ ta 


Progress in Operations 


Diego is booming, and bringing 
plenty of work to the San Diego Gas | , . 
& Electric Company. Example: in 1959 
alone 28,788 new dwelling units were 
built, all needing new gas lines. 

To handle one of its toughest jobs 
—digging trenches for the new gas 
lines—the utility operates a rugged 
team of 12 Gar Wood-Buckeye ditchers. 
These machines are matching the 
speed of modern construction methods, 
and operating with precision, ease, 
and economy. 

Since their introduction, the Gar 
W ood-Buckeye 305, 307, and 308 
utility ditchers have become recog- 
nized as the most modern on the 
market. One reason is hydraulics—all 
three models are equipped with a hy- 
draulic wheel hoist and hydraulic 
conveyor drive. All three have main 
engine transmissions specially de- 
signed for ditcher use. All three have 
a split-shaft excavator drive tor longer 
working life. And all three are oper- 
ated by the simplest group of controls 
on any ditching machine. 

For more than 60 years Gar Wood- 
Buckeye has been the choice of con- 
tractors, cities, and utility companies 
that want fast, precise ditching at the 
lowest possible cost. 





BUCKEYES ENGINEERED FOR TOUGHEST DIGGING 


To meet fast production schedules 
through terrain as tough as San Diego's, 
the Gar Wood - Buc keye 305, 307. and 
308 utility ditchers are more than just 
“ruggedly built.” They are scientifi 
cally engineered to resist stress, to cut 
vibration to a minimum, and to deliver 


the greatest power to the digging wheel 


An all-welded panel truss frame 
supports the digging wheel and con 
veyor assembly of these machines —is 
exceptionally rigid and resistant to 
stress. The wheel itself is formed of 
two steel rings welded together tor 
far greater strength. And the unique 
Buckeye digging buckets are of two 
piece construction, for greater abra 
sion resistance and easier maintenance 
Features like these are typical of 


Buckeye’s extra measure of quality 


GAR WOOD INDUSTRIES, INC. 


WAYNE, MICHIGAN ° FINDLAY, OHIO 





re. 
Pom, = f 
wr 


oes” 


THE B/G NAME IN PIPELINE PUMPS 


What is the most important part of a pipe 
line pump? 


The name on the pump, and what it 





stands for. 


Discuss pumps with any group of pipe line 
engineers and they will tell you no name 
is seen more often in the field, or com- 
mands more respect, than GASO. 


Why? Because these men know from 
experience that the GASO name stands 
for engineering, performance, life and 


DISTRIBUTORS 


Farmington, N. M.-—Gaso Pump & Burner Mfg. Co. 


Shreveport, La., Odessa, Texas, Brookhaven 
and Tinsley, Miss.—W.L. Somner Company 


operating economy so outstanding that the 
specification of Gaso Pumps has been 
adopted as a corporate policy by many of 





the world’s best known, best managed pipe 
line companies. 


Add to the assurance of top performance 
the convenience of fast cooperative service 
from close-by distributors, and you begin 
to understand why GASO is the big name 
in pipe line pumps. 


GASO PUMPS, 


for every oil industry need 


Houston, Texas— Texas Pump & Compressor Company 
Wichita Falis, Texas— Pump Engineering Co. 
Evansville, indiana- Hague Equipment Co., Inc. 

Long Beach and Bakersfield, Calif.— Power Pumps, Inc. 
Casper, Wyoming — Lufkin Foundry & Machine Co. 
Jackson, Mich.-— Midway Supply Co. 

Edmonton, Alberta Lufkin Machine Co., Ltd. 


SEND 
FOR OUR 
LATEST 
CATALOG 


GASO PUMP & BURNER MFG. CO. 

FIRST and LANSING STS., TULSA, OKLA 

EXPORT OFFICE: 2712 EMPIRE STATE BLE 
NEW YORK, N.Y 





SHAPING THE FUTURE. . . in Pipelining 


ORVILLE S. CARPENTER, PRESIDENT, Texas Eastern Transmission 
Corporation, has openly opposed President Kennedy’s tax pro- 
posals. Particularly does he single out elimination of the 4% tax 
credit on corporate dividend payments. The proposals, he says, are 
a step backward in the long fight to end discriminatory double tax- 
ation on corporate earnings. “Acceptance of the president’s new 
tax proposals could seriously hamper future growth investment in 
American private enterprise,” is his summation. 


THE MOUNTAIN-PACIFIC DOCTRINE whereby the National Labor 
Relations Board has required certain standards or criteria to be 
followed before hiring halls could be established, has been given 
the coup de grace by the U. S. Supreme Court. The majority 
opinion of the court, delivered by Justice William O. Douglas, said 
in part: “Congress has not outlawed the hiring hall, though it 
has outlawed the closed shop... there being no express ban on 
hiring halls in any provisions of the Act, those who add one, 
whether it be the Board or the Courts, engage in a legislative act.” 


PRODUCTION OF ELECTRICITY in homes and factories by means of a 
fuel cell powered with natural gas is the goal of Northern Natural 
Gas Company and the Houdry Process Corporation. The research 
program will be conducted at Houdry’s Linwood, Pennsylvania, 
laboratories where fundamental fuel cell research has been in 
progress for some time. Development of the natural gas fuel cell 
will be one of the greatest forward steps in the energy field in 
modern times, according to officials of the two companies. 


POPULARITY OF LPG IS GROWING. New pipeline systems in this 
country, and proposals for still others in the U. S. and Canada, 
attest to the fact. But growth is also becoming worldwide. Most 
recent announcement is from Japan, which will begin importing 
refrigerated LPG from the Middle East in large quantities by 
the end of 1961. Two tankers are under construction and another 
is being modified for this service. 


PURCHASE OF NATURAL GAS IN PLACE by pipeline transmission 
companies is a growing trend. Harold Burrow, president of 
Tennessee Gas Transmission Company, recently enumerated 
these advantages: (1) Increased reserves; (2) greater flexibility 
in gas dispatching; (3) unit prices that forestall the effect of 
inflation, and (4) known field prices. 
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4 ANNIVERSARY 


important milestone for the 45,000 companies, large and small, 
which offer the Payroll Savings Plan to their employees. Payroll 


Savings is the heart of the bond program, and the means 

TH FE} which millions of families have seen dreams realized 
since 1941. It has been good for business and industry... 

good for local communities. ..good for the nation’s 

ij FA RT eer welfare. Above all it is good for the citizen 
who sees in each Savings Bond a share in his 

country’s future. 
0 F: yours is one of the 45,000 participating companies, this 


anniversary year offers a good reason for renewed promotion. 


For help and suggestions, contact your State Sav. 
ings Bonds Director, or write: U.S. Savings Bonds 
Division, Treasury Department, Washington 25, D.C. 


U.S. SAVINGS BONDS DIVISION— 
20 YEARS OF SERVICE TO AMERICA 


AT This 20th anniversary of the U.S. Savings Bonds program is an 


The Petroleum Engineer Publishing Co. @ 


The U. S. Government does not pay for this advertisement. The Treasury Department thanks, for their patriotism, The Advertising Council and the donor above. 
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- »  LAPEGOAT PROTECTION... 


“Sat Works for You Anywhere! 


NATURAL GAS lines at compres- 
sor and meter stations give years of 
maintenance-free service when pro- 
tected by TAPECOAT, the coal tar 
coating in handy tape form 


GAS DISTRIBUTION lines of 
large diameter can readily be pro- 
tected with TAPECOAT to withstand 
the abrasive and corrosive climate 
in underground service. 


Lines in OFF-SHORE DRILLING oper 
ations need joint protection equivaler 
to the mill-wrapping on the pipe 
TAPECOAT is most economical be- 
cause it gives lasting protection in under- 
water service 


; 


CABLE AND CABLE SPLICES in com- 
munications service are effectively and eco- . | — je EE 


nomically protected by TAPECOAT 
t 





¢ gato , we oY 
pon re , @ UNDERGROUND GAS STORAGE facilities can be 
“buried and forgotten" when protected by TAPECOAT 
Note protection of tanks, pipe and pipe joints 


— 
STEEL MILL water lines in this new 
AIRPORT FUEL LINES need a jant are joint-protected with TAPE- 
the quality joint protection as- Coat. TAPECOAT can be used to Lines buried in cinders in RAIL- 
sured by TAPECOAT. Itiseasy advantage to protect any steel sur- ROAD YARDS need the sure » 
to apply by spiral or “cigarette” face in underground service, as Protection provided by TAPE- 
; COAT. There's a size for every 


wrapping depending on the size roved since 1941. 
of the pipe. No training needed 4 “ purpose from 2” to 24” in width. 


G 
\ 


Te TAPECOAT 


iii 

mtbis sine! Company 
“1ahdbaies 

; J . 


Originators of Coal Tar Coating in Tape Form 


cEMg Write for full details today 
ws 


on 


1567 Lyons Street, Evanston, Ill. 


Manufactured and Distributed in Canada by 
The Tapecoat Company of Canada, Ltd.., 
25 Haas Road, Rexdale, Ontario 








“OUR BARBER-GREENE THRIVES ON 
SOLID CALICHE ROCK 100 
TOUGH FOR OTHER DITCHERS” 


“This Model 774 took charge after two ditchers, backhoe and dynamite had 
failed,” reports William Hogan, vice president of GTR Const. Co., Inc., Tucson 


William Hogan, of GTR Construction Co. recalls 
these conditions existing: 

“We were trying to trench through a night- 
marish 15,000’ stretch of caliche rock the con- 
sistency of cement. A 34 yd. backhoe with ripper 
bucket couldn’t chew through this rock. We tried 
shortening the boom on a ladder type ditcher for 
more rigidity, but it literally shook itself apart. 
Then we tried digging partial depth with a wheel 
ditcher and it flopped. Last resort was dynamite. 
It cost too much and we couldn’t use it in urban 
zones. 

“Finally, we got a Barber-Greene 774. It thrived 
on a steady diet of caliche, excavating boulders up 
to basketball size. And where the backhoe had 
ridden up over the rock, this 774 gave us full 
trench depth. 

“To date, our 774 has trenched over 50,000’, 24” 
wide and to 80” deep. Virtually all footage has 
been in stretches so tough our competitors 
wouldn’t even think of tackling it with their ditch- 
ers,” he relates. 

What’s the big difference in ditchers? Operator 
Don Crockett credits: 1) exclusive dual-range 
Hydra-Crowd transmission “that lets me consist- 
ently operate at maximum capacity for any given 
ground condition”; and 2) special floating wheel 
mounting that absorbs continual digging shocks 
without transmitting them to the rest of the ma- 
chine. 

“The 774’s dial set overload release with its 


Model 772 (shown) is your best buy for general 


super-sensitive electric clutch kept us from rup- 
turing innumerable electric, water and gas lines,” 
adds William Hogan, “for in urban areas our 
trench was frequently crisscrossed by as many as 
four of these lines per block.” 

Get the full story on the only modern utility 
ditcher line from your Barber-Greene distributor. 
He can show you how to get more trench per day, 
more trench per dollar, in all digging conditions. 


SENSITIVE TOUCH. In urban areas the 774’s overload re- 
lease prevented damage to utility lines. Exclusive Hydra-Crowd 
provides instant selection of correct digging speed. 


CALICHE SUB-SOIL couldn't stop the 774 on any portion of 
the job, leading operator Don Crockett to observe: “Anywhere 
anything will dig, this Barber-Greene will dig better and faster.”’ 


Manufacturer of the only modern ditcher line 


@ 


utility range—cutting widths from 10-24” and to 
5'6" deep. Model 773 varies only in its wider track 
gauge and pad widths. 


Main Office and Plant AURORA, ILLINOIS, U.S. a 


Other Plants: DeKalb, Milwaukee, Detroit, Canada, England, Brazil, Australia 


CONVEYORS LOADERS ° DITCHERS ASPHALT PAVING EQUIPMENT 
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PROTECTION THAT 


never takes a holiday! 


* J-M BLUE FLAG” 
Fiber Glass Wrap 
for enamel reinforcement 


» J-M TRANSHIELD’ 
Asbestos Felt 
for a tough outer shell 


Two materials that reduce maintenance, add years of pipeline life. Here’s why: 


J-M BLUE FLAG is a porous fiber glass mat which 
gives coating extra strength and working life. It re- 
inforces the enamels so thev are better able to resist 
cracking, breaking, chipping or flaking—both during in- 
stallation and after the pipe is in the ground. 


J-M TRANSHIELD is an asbestos felt which pro- 
vides a tough, durable outer shell. Because it is made 
with asbestos, Transhield forms a stone-like barrier 
against forces attacking the pipeline. Transhield is avail- 
able impregnated with either coal tar pitch or asphalt. 

J-M Salesmen often hear the unhappy story of other 
pipe wraps that have failed. But the complete protection 


D & FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS, SEE READER SERVICE CARD 


of J-M Blue Flag and J-M Transhield stays constantly 
on guard . . . defying corrosion, minimizing recondition- 
ing and giving year after year of dependabie service. 
Johns-Manville research and nearly 50 years of practi- 
cal field experience stand behind these two perfect part- 
ners in pipeline protection. You cannot buy better pro- 
tection anywhere. For more information, write to Johns- 
Manville, Box 158, Dept. PE-661, New York 16, N. Y. 
In Canada, address Port Credit, Ont. Cable: Johnmanvil. 


JOHNS-MANVILLE JM 


PRODUCTS 
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Dearclad® 765 proves again: | 
It’s fast, it’s tough, it’s economical; . 
-It’s the epoxy that’s really right! 


Dearborn’s 765 Dearclad epoxy coating was speci- 
fied for the 2,000 feet of 42 and 48 inch water main 
at U. S. Steel’s South Works at South Chicago. 
This pipe was coated by an applicator and then 
delivered and stacked for several weeks at the job 
site, prior to installation. Conditions and terrain 
were such that part of the line was laid above 
ground subject to attack by corrosive atmosphere 
and part below in very corrosive fill. On the job, 
Dearclad epoxy was cold applied to welded joints 
and miter cut bends. Coating thickness throughout 
averaged 15 to 20 mils. 


Dearclad 765, a coal tar modified epoxy —devel- 
oped in Dearborn’s research laboratories—shows 


neer 77 the science of corrTro 


extraordinary resistance to impact, abrasion, han- 
dling damage, and chemical attack. It has a rapid 
curing rate .. . is effective through temperatures 
from —40° F. to 250° F.+... has positive storage 
stability with no sag and no cold flow . . . can be 
applied by brush, roller, or spray. 

NO OTHER PRODUCT ON THE MARKET 
COMBINES ALL THE DESIRABLE PROP.- 
ERTIES OF DEARCLAD 765. YET ITS COSTS 
ARE COMPARABLE TO OLD STYLE, LESS 
EFFECTIVE COATINGS. 

It will pay you to check with a Dearborn engineer 
before your next coating job. Or write today for 
Technical Bulletins. 


4 } 
LUTt CUTUTUL 


ARBORN CHEMICAL COMPANY 


General Offices: Merchandise Mart, Chicago 54 + Dallas + 
Linden, N.J. + Los Angeles + Nashville + Omaha «+ Pittsburgh + Toronto + Havana + 
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Des Plaines, Ill. « Ft. Wayne + Honolulu 
Buenos Aires 


FOR FURTHER INFORMATION ON D-9 
ADVERTISED PRODUCTS, SEE READER SERVICE CARD 





CUTS POWER COST 90%...SPACE BY 80% 


SINGLE CHANNEL CARD 


NEW COLLINS TRANSISTORIZED CARRIER...UP TO 600 CHANNELS 


Now... the freedom of maintenance and reliability inherent in transistorized 
equipment, at a saving of up to 90% in power and 80% in rack space over tube 
equipment. This is Collins new MX-106 fully transistorized carrier. Either in 


microwave, wire or cable systems — or any combination of these 


— the new multiplex is compatible with Collins MX-103, Western 
Electric L-Type, CCITT, and other carriers. Its design permits 


easy and economical expansion to meet changing require- 


ments. For details, write Collins Radio Company, Texas 
Division Sales, 1930 Hi-Line Dr., Dallas 7, Texas. 


COLLINS RADIO COMPANY . DALLAS, TEXAS , CEDAR RAPIDS, IOWA BURBANK, CALIFORNIA 





IN| Co)\WY/ YOU CAN COAT AND WRAP PIPE EASIER— 


FASTER —and at greatly reduced cost. 


COMPLETELY ELIMINATES 
PIPE COUPLERS 
(Come-Alongs) 


e Cuts Operation Costs — 
Requires Only Five-Man 


Automatic Fee 
Mechanism with Powere 
Input Convey 


Handles Crooked 
Out-of-Round Pips 
. Hydraulic Pp f\ 7 
For complete deta 


yOu can greatly re 


write today for f 

tion on the new 
Automatic Stationary Coa 
and Wrapping Machine 
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WITH THE NEW 


CROSE 


SEMI-AUTOMATIC 
SPWHeh TA Mee.-Wihic 
& WRAPPING 
VAG alin Ts 


MODEL ACW-636 
Handles 6” through 
36” Pipe 
Larger Sizes Available 
Upon Request 


Crose- 
serene okie it 


EQUIPMENT; CORP 


2765 Dawson Road « Tulsa, Oklahoma * Phone 
WEbster 6-2171 * BRANCH OFFICES: Houston 
Texas ¢ Elizabeth, N. J. * IN CANADA: CROSE 
PERRAULT CANADA, LTD., Edmonton, Alberta 

Toronto, Ontario * EXPORT OFFICE: New York, N. Y 


FOR FURTHER INFORMATION ON D-1 1 
VERTISED PRODUCTS, SEE READER SERVIC 4 





Welding 36” FIXED pipe automatically! 


. .. this is a major welding break-through that greatly reduces welding costs on cross 
country pipelines. 500 ampere Hobart “lcro-wie units with specialized feeder controls 
and specially controlled analysis wire produce X-ray quality welding in all positions and 
eliminate weld cleaning. These fully automatic units are now in service at Burney, California 
on a 36”, 500 mile gas line. The equipment was designed by the H. C. Price Company in 
conjunction with Crose-Perrault and Hobart Brothers Company. For more complete infor- 
mation, write Hobart Brothers Company, PE-61, Troy, Ohio. 








HOBART BROTHERS COMPANY, TROY, CHICO 


“Manufacturers of the world’s most complete line of arc welding equipment” 














+~wor, ~~ 
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Foxboro takes the trouble 
out of telemetering 


new, 2-second cycle, all-electronic 
eliminates mercury switches... 


a photo-diode switch replaces the mechanical cam 


A giant step forward in the science of telemetering 


measured variables this is Foxboro’s new telemetering switch. There are no synchronization problems . no 


vacuum tubes . . . no periodic maintenance. 


system 


Completely electronic, the system abandons earlier Standard impulse-duration cycle on the new Foxboro 


mechanical means of producing a pulse-duration signal telemetering system is 2 seconds + times as fast as any 


Dry reed swit hes replac e troublesome mercury sw ite hes other standard system. The signal can be carried over any 
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telemetering system 
makes maintenance “plug-in simple” 


transmission medium. Modular construction makes servicing 


casy as “plugging-in” a new component. 


This is the telemetering system all industry has been asking 
for. For full details, write for Bulletin 17-12. Or better vet. 


ask your Foxboro Field Engineer for the complete story. The REG. U.S. PAT. OFF 


Foxbore Lo ! iv. OO \ folk street Foxboro. \I = 
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NOW! Avoid costly installation delays . . . ne 
Priming and Coating are this close together with... — 


New Pitt Chem Quick-Dry Primer! 


To maintain steady progress “down the line’”’ and to 
eliminate costly installation delays . . . specify Pitt 
Chem Quick-Dry Universal Primer and realize these 
important advantages: 
@ Quick-Dry dries to touch in 3 to 5 minutes under average 
weather conditions. 
Quick-Dry’s fast drying action permits immediate follow-up 
with the coating-wrapping operation. 
Quick-Dry develops a bond far stronger than ordinary 
primers, even under less favorable conditions. 
Quick-Dry is compatible with any coal-tar enamel. 


Quick-Dry coverage can be 2 to 3 times greater than cut- 
back type primers. 


» Pitt Chem Moditied Enamel 
» Pitt Chem Hotline’ Enamel! 
* Pitt Chem Tarset® 
Pitt Chem “Quick-Dry" Primer 


D-16 FOR FURTHER INFORMATION ON 


@ Quick-Dry is especially suited to mill coating of pipe. Fast 
drying action reduces the number of storage racks required 
and its superior bond reduces damage in handling coated 


pipe. 

Specify Pitt Chem Quick-Dry Primer and Pitt 
Chem Pipeline Enamels and be sure of highest prod- 
uct quality. For Pitt Chem Pipeline Coatings are 
manufactured by a basic producer to rigid, pub- 
lished specifications. 

Contact a Pitt Chem representative and let him 
help you plan an economical, long term pipeline 
protection program. Write or call today! ious 


PROTECTIVE COATINGS DIVISION 


é> PITTSBURGH 
(@) CHEMICAL CO. 


GRANT BUILDING PITTSBURGH 19, PA. 


A Subsidiary of PITTSBURGH COKE & CHEMICAL CO. 
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INfo}m neue i isicin ale 
Paricode 

Ke) amegelomanals 
Henne leat-hmleyal 


NORTH SEQUENCING UNITS pro- 

vide automatic and fail-safe start- 

up and shut-down of all types of 
te engines, motors and turbines with 
sanaaanna wr staal. «C Complete safeguards for emergency 
annnjanns F—1//F I/F] shut-down, fault identification and 
remote indication, following engine 
manufacturers’ recommended pro- 
cedures combined with operating 
companies’ individual require- 
ments. 














NORTH SUPERVISORY CONTROL 
provides a centralized operator with 
precise control of any number of 
devices and operations at any of 
many locations, utilizing a unique 
100% self-checking, fail-safe, dig- 
ital coding system specifically de- 
signed to overcome the spurious 
noise, transient voltages and other 
extraneous pulses introduced into 
normal communications channels. 


NORTH COMPUTER CONTROL 
makes remote stations independent 
of control commands or manual ad- 
justments to maintain optimum op- 
erational status during variations of 
operating conditions and provides 
monitoring and alarms required for 
reliable unattended service. 

















North Paricode Systems bring you 
integrated communications, con- 
trol, instrumentation and data proc- 
essing from a single organization 
ELECTRONETICS DIVISION CaS with the capability to design, engi- 


NORTH ELECTRIC COMPANY neer and produce reliable, fail-safe 


GALION, OHIO systems for progressive or full auto- 


For detailed descriptions of North Electric Paricode Systems 


Represented by: Lynn McGuffy Company, Inc., 304 Sklar Bidg., Shreveport, Louisiana mation to your exact requirements. 
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Trans-Canada Pipe Lines Limited Chooses Worthington SUTC's... 


FOR FIRST FULL AUTOMATION 


At central control, the dispatcher 
pushes a button. At the compressor 
Station miles away, a solenoid throws 
an air valve. Engine and compressor 
cylinders begin purging... 

At 6 seconds, ignition actuates, fuel is 
admitted and the engine slowly accel- 
erates toward 160 rpm. At 20 seconds 
the compressor cylinders stop purg- 
ing. In 5 minutes, the engine-compres- 
sor is ready to be brought on line. 
This is a glimpse of normal operation 
of Trans-Canada Pipe Lines Limited's 
Maple Station—the first to be fully 
automated by this pipeline company. 
Three Worthington SUTC engine- 


compressors operate in 
quences according to signals from the 
dispatcher who, though 25 miles away, 
could be a thousand. 


pre-set se- 


These new SUTC’s have a higher com- 
pression ratio for increased efficiency ; 
improved handling of heat load through 
new computer-designed Turbo-Charg- 
ers; and new bearing construction. 
Cylinder parts and Double Deck valves 
were manufactured in Canada. 


The station organization chart shows 
the benefit of these automated SUTC’s. 
This station has no operators. This 
saves initial cost of four houses and 
salary and overhead for the operators. 


For complete information on SUTC’s 
for automated or conventional installa- 
tions, call your nearest Worthington 
District Office. Or write Worthington 
Corporation, Dept. 43-22, Buffalo, 
New York. In Canada, Worthington 
(Canada) Ltd., Brantford, Ontario. 


WORTHINGTON 


PRODUCTS THAT WORK FOR YOUR PROFIT 











MOTOROLA 


RADIO COMMUNICATIONS 


me Joonny 
on the 
spot! 


with fast, expert 2-way radio service 
The surest way to protect the peak performance you paid for 
is to take advantage of Motorola’s convenient 2-way radio 
system maintenance. You get factory supervised service to keep 


your equipment operating to factory standards. 


Wherever you are, one of the more than 800 authorized Motorola 
Service Stations is your ““Johnny-on-the-Spot’’—ready to pro- 
vide complete system service tailored to meet your specific 
requirements. Join the thousands of 2-way radio users who are 
now enjoying peak performance—and substantial long-run 


savings—with a Motorola maintenance agreement. 


For the best in mobile radio... and the best in mobile radio 
service . . . better contact the man from Motorola. Why not call 


today for full facts? 


MW MOTOROLA 


2-WAY RADIO SERVICE 


Motorola Communications & Electronics, Inc., 4501 justa Boulevard, Chicago 51, Illinois « A Subsidiary of Motorola inc. 
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GAS TRANSMISSION PIPELINES 
apparently are moving toward wide- 
spread adoption of skid-mounted field 
FRANK H. LOVE, Editor metering stations because of savings in 
initial installation and their 100% 
salvability. 
Criterion of whether to make a per- 
GS y.. s ce € A Ss u rR 3 PA €& As T manent type installation or a portable 
one is the service for which it will be 
used. Sales, town border, check, and 
a & oO te T ee a ee ss ee & D 33 fuel stations, all of a permanent type, 
do not necessarily require the portabil- 
ity features of skid mounting. Well- 
head, drilling fuel, and farm tap units, 
on the other hand, are of doubtful 
permanency and it is here that the 
economy of the portable units is 
appealing. 
A large part of the cost of a per- 
manent installation is represented by 


Transmission companies are finding portable units save 
on initial installation cost and can be salvaged 100% 





ox cess 


FIG. 2. Unit designed for offshore platform use has dual tubes, as 
it handles a heavy load and must be flexible. 


FIG. |. Transcontinental's standard wellhead unit. Shop fabrication as 
compared to field erection saved $750. 


FIG. 4. Dual tube unit tied into a dually completed gas well in the 
FIG. 3. Piping skeleton of a Transwestern dual tube unit. Texas Panhandle. 
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FIG. 5. A skid-mounted single tube 2-in. metering station in service. 


construction labor and materials, such 
as concrete foundations, which cannot 
be salvaged when the station is aban- 
doned. Skid-mounted units can simply 
be moved to another location when 
the well life proves short. And gas 
wells, however good in the estimation 
of production personnel, are subject to 
salt water and sand encroachment. 
Especially in unproved areas is the life 
of a well unpredictable. 

Precedent for mounting measuring 
equipment on skids is found in the 
practice of doing so in the case of sep- 
arators, heaters, dehydrators, and other 
wellhead equipment, at the same loca- 
tions where metering units often are of 
permanent construction. 

Another factor favoring portable 
units is the superior fabrication that 
can be had in the shop, where adverse 
weather conditions do not affect work- 
manship, and workmen have perma- 
nent, hence better, tools than are pos- 
sible in the field. 

Also, unitized portable stations can 
be fabricated prior to need and stock- 
piled at a central location. In this way, 
labor is utilized more efficiently at off- 
peak construction periods, and stations 
are available when needed with little or 
no delay. 

In the realm of corrosion protection, 
fabrication in the shop permits coating 
and plating piping and other m-tal 
parts before movement to the © ‘bsite. 

Most portable metering stations thus 
far have been designed by engineering 
departments of the operating com- 
panies and manufactured commer- 
cially. In some instances, the manu- 
facturer also has entered into the de- 
sign planning. As problems vary with 
fields, and there are differing opinions 
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on how to cope with certain situations, 
portable units are of several types, some 
of which are discussed here. 


Onshore and Offshore Units 

Transcontinental Gas Pipe Line Cor- 
poration’s metering stations are pri- 
marily of two designs. Transco has one 
type unit for offshore platforms, as it 
purchases large volumes of gas from 
wells drilled into the Gulf of Mexico, 
and another type for use onshore. The 
offshore units are principally dual-tube, 
as they must handle a heavier load and 
be flexible. Land units are mostly 
single tube, and are used primarily in 
South Texas sour gas fields. 

Neither the onshore nor the offshore 
gas where these portables are located 
require regulation, so the units can be 
built compactly. Presently, Transco has 
more than 40 of them in use. 

Chief advantages of these skid- 
mounted stations are as time and labor 
savers. The offshore units, in particular, 
as they can be barged and unloaded 
onto platforms in rough seas much 
more easily in one compact piece than 
the 15 or 16 pieces of fabrication cus- 
tomarily unloaded a piece at a time. 
(Platforms sometimes are as high as 
40 to 50 ft.) Use of portable units 
also avoids the necessity of having a 
crew on the platform for constriction 
purposes. 

In some of the acid gas areas of 
South Texas the single tube portable 
units are popular in tight-sand fields of 
uncertain volumes, as they are easily 
movable from one well to another when 
wells become exhausted. 

Onshore units are mostly of the shed 
rather than the building type. These 
units are employed in a dry area where 


FIG. 6. Orifice metering unit without housing provisions. 


little maintenance is required, and the 
sheds have the feature of not trapping 
free sour gases. Units on offshore plat- 
forms, where weather conditions are 
more adverse, require small buildings. 

Fig. 1 shows one of Transco’s stand- 
ard wellhead units. This station con- 
sists of one 3-in. meter tube and a 2-in. 
bypass with valves. The skid is made 
of structural steel and the shed-type 
house is covered with steel dek siding. 
The company’s engineering depart- 
ment estimates a saving of $750 by 
buying this unit complete compared 
with the cost of field fabrication and 
erection. 

Fig. 2 is a skid-mounted unit de- 
signed for offshore measurement. The 
unit has two 4-in. meter tubes, 6-in. 
headers, 2-in. valves, and structural 
steel skids. The meter house that was a 
part of it is not shown in this plant 
photo. This shop fabricated unit is 
estimated to have cost $1500 less than 
if built in the field. 


Transwestern’s Several Types 

Fig. 3 shows the piping skeleton of a 
dual tube unit, one of several types 
used by Transwestern Pipeline Com- 
pany, prior to house erection. This unit, 
with house erected and on location, is 
shown in Fig. 4. The unit has special 
application at wellhead locations where 
production from two producing zones 
are measured individually. Inlet flanges 
and gas scrubbers can be seen in the 
background. A common outlet flange is 
provided at the opposite end of the 
skid. 

The dual tube unit, tied into a dually 
completed gas well in the Texas Pan- 
handle adjacent to a glycol dehydration 
unit, is shown in Fig. 4. The entrance 
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FIG. 7. This unit has a particular application for metering and 


regulating drilling fuel. 





 —_ 


FIG. 9. One of Michigan Wisconsin field units showing the heater and 


dual 3-in. tubes. 


door to the metering building, between 
the two runways, provides easy access 
to recorders and orifice fittings at either 
side of the building. All equipment 
faces inwardly within the confines of 
the building. 

lranswestern’s single tube station is 
illustrated by Fig. 5. A side entrance 
door to the metering building is pro- 
vided, with the runway piping and in- 
struments at the backside of the house. 
itidden from view by the house is a 
gas scrubber at the left of the picture. 
The open door also partially hides the 
tube inspection closure and the outlet 
valve in the riser. 

The unhoused view (Fig. 6) shows 
the inspection closures at either end of 
the metering runway. Closures also 
may be used for ridding tubes of for- 
eign matter by blowing through the 
tube when one closure is open to at- 
mosphere. A bypass line is provided for 
convenience of station operation, and 
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FIG. 10. Columbia 


small scrubber and 


walkways on either side of the bypass 
line further add to this convenience 
when servicing instruments. 

The unit in Fig. 7 has particular ap- 
plication for metering and regulating 
drilling fuel. Inlet and outlet flanges 
may be noted at one end of the skid. 
Gas enters the metering runway 
through the top connection. Piping 
loops to connect with the regulator are 
mounted in the lower piping. The by- 
pass valve, mounted in a vertical posi- 
tion adjacent to inlet and outlet flanges, 
tends to support the elevated runway. 
An alcohol tank is mounted on the 
third stand to the left of the recorders 
for combatting freezing and hydrate 
formation. The station is unhoused for 
added portability. This also is a Trans- 
western installation. 

Another Transwestern unit is shown 
in Fig. 8...a farm tap unit in open 
and closed views. It is a complete dis- 
placement type metering installation 


FIG. 8. Open and closed views of typical Transwestern farm tap unit. 


- "8 oe 
ee, 


Gulf's portable measuring station, which has a 
drip tank. 


and includes regulators, relief valve, 
scrubber, gages, and wick-type odor- 
izer, all encased within a steel shell. 
Cover for the unit is of glass fiber con- 
struction, is painted with company col- 
ors, and carries cast-in warning signs. 
Not shown are company insignias ap- 
pearing at either end of the box cover 
and the odorizer hidden by the box 
wall. The larger front piping stubs are 
for inlet and outlet gas connections, 
with the smallest and lower stub being 
the scrubber drain line. The relief valve 
vent can be observed projecting through 
the box wall. Bypasses are provided 
around the meter, odorizer, scrubber, 
and regulators, with safety provisions 
for locking critical bypass valves. A 
prover connection also is provided. 


Mich-Wis: 150 Portables 
Michigan Wisconsin Pipe Line Com- 

pany has approximately 150 skid- 

mounted package meter stations in 
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service in the Laverne field gathering 
system, Harper and Beaver counties, 
Oklahoma. These field stations are 
composed of single 3-in., double 3-in., 
and triple 3-in. orifice meter runs de- 
pending on the number of producing 
sands at each wellhead. Each portable 
package unit consists of the required 
number of meter runs, a structural 
steel skid covered with checker plate, 
a 6-ft by 8-ft galvanized building 
mounted on the skid, a heater, chart 
shelf, and instrument rack. The sta- 
tion is purchased as a completely as- 
sembled unit built to company specifi- 
cations. 

Each meter run consists of two tubes 
designed and built according to AGA 
Committee Report No. 3 using an ori- 
fice fitting having no straightening 
vanes. The meter runs are X-rayed, 
hydrostatically tested, and the com- 
plete unit shop painted and ready for 
field erection. 

When there is more than one meter 
run at a station, the runs are stacked 
one above the other at the rear of the 
building. Building and piping are ar- 
ranged on the skid in such a manner 
that the instruments and orifice fitting 
are located inside the building, forming 
a compact and well-designed unit. This 
meter station is of such a size that it 
can be trucked to the site with no spe- 
cial highway permits. Fig. 9 is a view 
of one of these stations showing the 
heater and dual 3-in. tubes. 


With Scrubber and Drip Tank 
Depicted in Fig. i0 is a portable field 
measuring station as designed and used 
by Columbia Gulf Transmission Com- 
pany. It will be noted that a small 
scrubber and drip tank to store ex- 
tracted liquids have been included. The 
company says this arrangement has 
proved beneficial in its gathering sys- 
tem where the aim is to keep the gas 
stream as dry as possible by mechani- 
cal separation. It is also pointed out 
that the stations have been fabricated 
in a manner to eliminate the passage 
of high pressure large diameter piping 
through the instrument building, to 
which considerable merit is attached. 
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Temperature 


Checking D 


COMPRESSOR ENGINES are 
equipped with many controls and shut- 
downs, several of which operate from 
temperature changes. Panhandle East- 
ern Pipe Line Company has field tested 
for more than five years, and found 
accurate, a temperature control device 
designed by William R. Allen of its 
organization. 

For wiring details refer to the ac- 
companying diagram. 


Description 

The checking device is made of 16- 
gage black iron with welded seams. 
Dimensions are about 8-in. by 8-in. by 
8-in. The 500-watt heater and the 
thermostat (or thermal switch) are 
screwed into threaded flanges, welded 
on one side about 2 in. from the bottom 
of the tank. The top of the tank is held 
in place with screws and may be re- 
moved for cleaning. It has several dif- 
ferent size threaded holes, so that the 
various types of water temperature con- 
trols and thermometers may be placed 
in the water bath. 

A cap, large enough to house the 
transformer and relay, is fastened over 
the heater and thermostat. It is held 
in place with screws, so that it may be 
removed yor maintenance. The three 
pilot lights and the jack are mounted 
in this cap. A spring-loaded shaft that 
engages the adjusting screw of the 
thermostat is brought through the cap. 
A three-wire rubber cord furnishes 
power and provides an equipment 
ground for safety. 


Operation 

Pilot light No. 1 comes “on” and 
remains “on” as long as the unit is 
connected to 110-v power. The double- 
pole, double-throw, three-position 
switch turns the unit “off or on” with 
the thermostat in control or “on” with 
the thermostat bypassed. 


Control 
ewvice 


Pilot light No. 2 
heater is “on.” 

Pilot light No. 3 is used when setting 
a control such as the “Fenwal.” It lets 
the operator know where the points are 
closing. , 

It is important to have water in the 
tank before the unit is turned on, to 
avoid possible damage to the heating 
unit. 

A reliable industrial thermometer in 
the water bath will give a constant 
check against the thermostat or thermal 
switch setting. 

The operator must allow sufficient 
time to elapse so that all parts of the 
engine control being checked reach the 
same temperature or the checking and 
setting will not be accurate. 


lights when the 


Material and Costs 


110 to 6-volt transformer, +13B146, 
page 67, Burstein Applebee 
1960 catalog 

110-v two-pole relay, =19A273, 
page 73, Burstein Applebee 
1960 catalog 

600-deg thermal switch, #17102, 
page 8, Fenwal catalog +500 

6 B dial for thermal switch, 
page 10, Fenwal catalog +500 

§00-watt Chromalox immersion 
heater, Type R1, copper sheath, 
%4-in. standard pipe thread, 
page 23, section D., 

Edwin L. Wiegand Company, 
1960 catalog 

Pilot light sockets (3) #12A825, 
page 87, Burstein Applebee 
1960 catalog 

Pilot lamps (3) +16A159, 
page 86, Burstein Applebee 
1960 catalog each 

2-pole, 2-throw, 3-position switch 
#12A658, page 77, Burstein 
Applebee 1960 catalog 

Jack — =12A1048, 
page 82, Burstein Applebee 
1960 catalog 

Short test lead with =12A903 plug 
and +12A1639 insulated alligator 
clip, page 82 Burstein Applebee 
1960 catalog 44 

x*** 


$ § 


each 
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AUTOMATION 
PROVIDES 
FAST TANKER 
LOADING 
AT BOUGIE 


IN THE DESIGN of the Bougie Terminal on the Mediter- 
ranean, at the end of Societe Petroliere de Gerance’s 
(SOPEG) pipeline from Hassi-Messaoud in the Sahara, 
maximum automation and remote controls were incor- 
porated. By so doing, it has been possible to load tankers 
at a rate of 31,452.4 bbl per hour with one loading station 
operating five 700-hp electropump units. At the present 
time three additional loading stations are under con- 
struction. 

All operating controls are housed in a single room, the 
Terminal Control Center, situated 56 ft above ground level 
atop a tower. The control center is a glassed-in room, 
elliptical in shape, and affords a full view of the terminal 
and harbor. 

In this room are grouped the control systems for pres- 
sure and volume of the crude delivered by the pipeline; 
the automatic telemetric gages with illuminated figures 
for the |2 storage tanks (the gage system is designed for 
automatic recording of readings in an accounting machine); 
the pressure controls of the tanker-loading lines; and the 
remote-control system for the valves, which is the special 
subject of this article. 


Flow Circuits for Crude 

It was necessary to provide a number of different flow 
circuits for the crude, the first set between the end of the 
pipeline and the six storage units (two tanks each), and 
the second set between these units and the tanker-loading 
piers. This requires a certain number of routes, which are 
established by selecting the requisite valves and pumps at 
the manifold. 

There are 24 main routes for: 

1. Delivery from the pipeline to the six storage units, 
or six routes identified as LA, LB, LC, LD, LE, LF, each 
compatible with the other (see Fig. 1). 

2. Loading of one, two, or three tankers through harbor 
lines No. 1, 2, and 3, by allotting to each tanker (for 
controlling the quantity of crude delivered, which is meas- 
ured through the tank-level gages) one pre-selected stor- 
age unit and loading pier. This results in 18 routes, which 
are identified in Fig. 1 as 1-(A to F); 2-(A to F); and 
3-(A to F). 

As it is also necessary to prevent direct passage of the 
crude from the pipeline to the port, the route LA is in- 
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compatible with routes 1-A, 2-A and 3-A. The same is 
true of the routes indexed as B, C, D, E, F, and of those 
with the same numerical index (for instarce, the routes 
A to F of harbor-line No. 1). At first sight, the necessary 
interlocking systems seem simple but are actually consid- 
erably complicated by the following circumstances. 

Although the delivery, pressure in the pipeline is suf- 
ficient to carry the crude through the six routes L-(A to 
F), it must be delivered by pumps through the 18 harbor- 
line routes. As each tanker can be loaded by one or all 
of three pumps (operating in parallel) selected at will, 
each of the 18 sea-line routes gives rise to 24 possible routes, 
or a total of 450 routes, of which three are simultaneously 
compatible. After two additional pumps and the fourth 
loading pier are in operation, that number will increase 
to 1512. 

Supplementary provisions. For greater safety and facility, 
it was believed necessary to supplement the interlocking 
systems by the following provisions: 

(a) After a route has been established, it is not possible 
to make any change without canceling the entire set-up, but 
it is possible to stop, add, eliminate, or substitute a pump; 

(b) Pump or pumps for a particular route cannot be 





Glassed-in Control Center, 56 ft above ground level, affords a full 
view of the terminal and harbor. 
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started unless the route has been established correctly and 
all vaives are open; 

(c) Pump or pumps for a particular route are stopped 
automatically if any valve is closed, or the route changed, 
accidentally; 

(d) Delivery of crude can be switched from one to the 
other tank of the same storage unit, without canceling the 
respective harbor-line route (1-A to 3-F); 

(e) Valves connecting the pipeline to the tank-fill routes 
1-(A to F) cannot be opened unless the intake valves of 
one or both of the respective two tanks have been opened; 

(f) Simultaneous closing of the six valves connecting 
the pipeline to the storage units releases an alarm system; 

(g) The control panel of each storage unit is equipped 
with an electric switch, locked by a key that can be with- 
drawn by the customs officer, to prevent changing of the 
selected route but making it possible to stop loading in case 
of any operational failure. 


Description of Control System 

A standard control system with separate control of each 
of the 83 motorized valves would have resulted in an ex- 
cessively large control panel. Therefore, recourse was had 
to a more advanced system, currently used in French rail- 


FIG. 1. Schematic plan 
of Bougie Terminal. 


road installations, in which all elements establishing a given 
route are grouped under a single control. Without going into 
details, which would lead us too far, below briefly are the 
principles of design as applied at the Bougie Terminal. 

|. All selecting, operating, and interlocking controls con 
sist of groups of very small relays, which are inexpensive 
and reliable in operation. The relays are grouped by func- 
tion in sealed blocks with plug-connectors and assembled on 
an interlocking frame. 

The “functional block” arrangement makes it possible 
to remedy rapidly any trouble and to carry out periodic 
inspection and maintenance by keeping on hand a small 
number of spare blocks (one per function), so that, in 
practice, operation of the system is never interrupted. 

The interlocking frame is installed below the control 
room in the tower at the Bougie Terminal. It carries 14 
blocks with a total of 171 relays and has the following 
relatively small dimensions: 

Height 195 cm (76% in.) Depth 42 cm (16% in.) 
Width 217 cm (85% in.) Weight 220 kg (440 Ib) 

2. Establishment of a given route successively engages 
a certain number of relay circuits which can be loosely 
grouped under the following headings: 

Selection. Selection by the operator of the start and the 
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General view of the marine terminal at Bougie. 


end of a route activates two relays, which block any 
other choice before the selected route has been com- 
pletely established. 

Set-up. Each of these two relays activates one relay 
for setting up the respective route, provided incompatible 
valves and routes have not been engaged in some prior 
situation. The two relays then jointly set-up the route, 
which can be established only if none of the elements 
of the circuit is engaged otherwise. 

Operation. When the “operation” button is pressed 
down, the controls engaged by the relay chains are acti- 
vated. After the valves have been operated, the opening 
controls allow the route control chain to be realized. 
This chain then permits the selected pump or pumps 
to be operated. 

3. The relay-operating controls are combined on a small 
control desk (23% in. by 31% in.), which is arranged to 
show the possible routes schematically. 


4. Route and operational pilot lights are arranged on a 
vertical panel, which represents a diagram of the entire tank 
farm and provides visual control of the following elements: 

Valves. Open (white light); closed (red light); defec- 
tive or being manually operated (intermittent red blink- 
light). However, in order not to overload the panel, the 
red light shows only when the operator presses the “test” 
button, except in case of operational failure when it 
shows automatically. 

Routes. Selected route or routes are shown as a prac- 
tically continuous line of pilot lights. 

Pumps. A control box with five sections indicates for 
each pump whether the pump is in operation; the dis- 
charge pressure of the pump; suction of intake pressure 
of the pump; overheating of motor bearings; electric 
power failure. 

Storage tanks. Proper operating condition of the full 
and empty alarm system of each tank. 

Safety valves. Position and operating condition of the 
shut-down valves at the entry to the tank farm and of the 
different pressure-release valves. 
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Flow circuits. Actual direction of flow of the crude at 
the entry of the pipeline, to and from the tanks, and in 
the harbor-lines to the loading piers. 


Execution of Loading Operation 

Operation is quite simple. The operator presses two 
buttons representing the start and the end of the selected 
route and selects at the same time the pump cr pumps to be 
used. The route is indicated by an illuminated trace on the 
indicator panel where it can be verified. When the “opera- 
tion” button is engaged, all required valves are opened 
simultaneously. The pumps can then be started but can be 
stopped or re-started at will during the entire loading opera- 
tion. The operator can establish any compatible route 
subsequently 


Construction of Installation 

The whole of the terminal, and in particular the control 
system, were designed by Trapil and Omnium Technique 
des Transports par Pipeline for the account of the terminal 
operating company, Societe Petroliere de Gerance. After 
invitation-to-bid, the contract for construction and installa- 
tion was awarded to Compagnie des Signaux et Entreprises 
Electriques. 

The equipment utilized such as relays, blocks, frames, 
pilot lights, and connectors are standard equipment, ap- 
proved for use by the French National Railways and tested 
in service. It should be noted that all such electrical equip- 
ment, including the motor switches, is located away from 
the manifold in no hazardous area. This eliminated expen- 
sive protective measures and resulted in appreciable savings, 
which partially cancel out the cost of the installation. Only 
the valve-limit switches and the valve motors are explosion- 
proof. Each valve is connected by a power and by a con- 
trol cable, both of which are insulated by vinyl chloride and 
sheathed. 

Acknowledgment. We are indebted to the French Gov- 
ernment, through the Economic Section of the French Con- 
sulate General in the United States at New Orleans, Louisi- 
ana, for the material contained in this article. xe 
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Design for trouble-free 
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THE ENGINEER designing a gas turbine installation for 
a pipeline system can capitalize on the experience of El 
Paso Natural Gas Company, which has racked up more 
than a million fired hours on 32 gas turbines 

Here are some of the factors we would consider, based 
on our own operational experience, if we had opportunity to 
call the shots on a new design 


Design considerations 

One of the most desirable things about a gas turbine is 
that it lends itself to automation or minimum number of 
operating personnel. To be consistent with this idea, auto- 
matic sequencing in starting is considered mandatory. There 
is One disadvantage to going to this type of startup in that 
the newcomer has a hard time getting used to operating this 
equipment and is readily willing to go back to the manual! 
methods before he has given himself enough time to train 
himself and work out the bugs of the equipment. This was 
our immediate reaction when we began operation eight years 
aco. Today we have no problem with operation or mainte 
nance of this equipment. Once the equipment is on the line 
automatic operation has proven to be ideal. Our control 
monitors station discharge pressure and adjusts turbine 
speeds to give the called for pressures. Rise in pressure cuts 
back on speed and fall in pressure increases speed. Not too 
long ago « large reciprocating station in front of a 3-unit 
turbine station went off line withoui notice. The turbines 
slowed down automatically to minimum speed and as the 
reciprocating station came back on the line the turbines 
came back up to full speed without any trouble with surge 
etc. This all happened in about an hour and the operator 
did not know it until the emergency was all over. This is a 
typical example of the excellence of this method control in 
actual operation. 

The customer in the original consideration ordinarily has 
something to say about the inlet filter. This may sound like 
a simple choice but it should be tempered somewhat with 
the lessons taught by experience. Our original gas turbine 
installation had a combination inlet water evaporative 
cooler and filter. Water carryover soon became a problem 
and it was reduced by operating the cooler only when the 
humidity was less than 50%. The filter operated more effi- 
ciently when the pads were wet. During the winter time 
operation it was necessary to turn off the water to the cool- 
ing pads when ambient temperature dropped to 50 F to 
prevent freezing. This meant that the filter was operating 
at less than maximum efficiency, about 40% of the time. 

The next time turbines were installed a traveling oil cur- 
tain was installed in front of the cooling pads as a primary 
filter. The only problem encountered here is that the inlet 
filter tends to freeze over solid during the snow storms. This 
problem is relieved by opening the doors on the side till the 
storm is over. Another user was operating turbines in an 
area where the humidity was above 50% most of the year 
He could not utilize the evaporative cooling advantage so 
he decided to install a fine paper filter and thought that his 
“dirty. compressor” problems were solved. A loss in turbine 
horsepower showed that the axial flow compressor had 
been fouled by pollen which would not be stopped by the 
filter. So it appears that trouble-free operation on the axial 
flow compressor is impossible by filtering methods 

This leads to another requirement that should be con- 
sidered and that is any easy way of cleaning the axial flow 
compressor under operating conditions. The users have 
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FIG. |. Burned cross-fire 
tube, probably caused 
by unbalanced combus- 
tion pressures. 





FIG. 2. Carbon build-up in cowl cap, probably 
caused by liquids in fuel and poor clearances. 


played around with spent catalyst and water washing of the 
compressors but the results are not completely satisfactory. 
Most of the cleaning occurs on the rotor blades and hardly 
any on the stator blades. This problem needs serious con- 
sideration by the manufacturers. 

The idea of a common lube oil system between the com- 
pressor and turbine has been argued enough to permanently 
establish that it is a good and sound idea. No problem has 
arisen in operation which can be attributed to the common 
system. Some slight contamination has been noticed but 
where sweet gas is pumped no problem should arise 


Operational feedback 

Our operational experience has shown that it is not un- 
reasonable to demand a turbine that will run 30,000 hours 
between major overhauls. Of course, this should be tem- 
pered with good judgment based on performance testing 
and 8000 hour combustion inspections. The main reason 
for 1-year combustion system inspections is that rarely some 
liquid may get into the gas or a small metal clip might 
break, which in turn might cause damage to the combustion 
system. (See Fig. 1 and 2.) 

As the gas turbine goes inte operation there invariably 
are a certain number of things that will have been over- 
looked in the original consideration. Instrumeniation is ordi- 
narily not adequate for one reason or another. 

An indication of inlet firing temperature is or inarily an 
important function which is not recorded, and if it is, its 
absolute accuracy is always in question. The life of the 
machine and all its components depends largely on this 
function. Yet, very little proportioned attention is given 
to this fact. 

Another good indication of gas turbine performance lies 
in the vibration level of the machine. Most turbines are 
operating at speeds of 5000 rpm and greater. Very low am- 
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plitudes at ‘these high speeds can damage equipment. Such 
equipment should be of a continuous monitoring type and 
record only on demand. Once a good vibration instrument 
is chosen, it is used throughout the installation. Care should 
be taken when choosing a vibration pickup to monitor the 
gas compressor vibration. Many times a vibration pickup is 
installed on the compressor to protect the bearings. On high 
pressure gas line centrifugal compressors the case will weigh 
about 30,000 Ib or more and the shaft and impellar assem- 
bly about 900 Ib. It is unlikely that an assembly this small 
can shake the case enough to monitor it without destroying 
the bearings. A pickup should be installed that monitors 
shaft vibration directly. Such an instrument is available if 
the compressor manufacturers will take notice of Fig. 3. 
When the gas turbine is new, and as it gets older the user 
is constantly faced with the problem of measuring the out- 
put. An instrument such as torque-meter which could be 


FIG. 3. Shaft mounted vibration pickup for 
use on high pressure centrifugal compressors. 


FIG. 4. Load turbine rotor dam- 
aged due to thrust bearing failures. 
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FIG. 5. Thrust bearing trip device will 
shut down turbine if thrust bearing fails. 


placed between the load and turbine would be ideal. This 
problem at the present time is being studied and evaluated 
on a joint venture by General Electric Company, Clark 
Brothers, and Tennessee Gas Pipeline Company. 

Last, but not least with respect to instrumentation, a 
means of detecting shaft movement axially and vertically 
is necessary. Our operation has shown that both journal and 
thrust bearing failures cannot be detected with vibration 
pickups or bearing drain thermocouples. The failure of the 
axial flow compressor thrust bearing could result in a 
$50,000 failure, and one on the load wheel could cost 
$30,000, not including downtime or labor. (See Fig. 4.) 
A small! $100 device such as shown in Fig. 5 could prevent 
such a catastrophic failure. 


Maintenance feedback 

A review of the previous material indicates that the 
greatest need for good turbine operation is in the field of 
instrumentation. The gas turbine alone is adequate, if some 
small design considerations could be reviewed. These con- 
ditions only become apparent after the user begins to main- 
tain his gas turbine. 

It was not long after we received our machines that we 
began removing all rubber hoses and couplings. This type 
of material is not consistent with high temperature opera- 
tion. Soon all rubber hoses and couplings will be entirely re- 
placed on all our turbines. This will be expensive, but it is 
felt that only by such action can we achieve our goal of 
30,000 hours between major overhauls. 

Another feature which should be noted especially in the 
design of the accessories is to eliminate high speed, ball 
bearings. Our inability to predict accurately the life of high 
speed ball bearings has led us again to eliminate them from 
our operations. 

The use or maybe the improper use of “O” rings on our 
turbines has given us a considerable amount of trouble. 
Their discontinuance is being pushed daily especially where 
the seal is moving. Again, our main object is long life, 
with minimum maintenance. 

A chronic complaint that continually comes in from the 
field is “Why the ---- do we need to have tapped bolt 
holes in high temperature areas?” Thread seizure in high 
temperature application has always been a problem regard- 
less of the type of thread compound used. I would like to 
ask the manufacturers of gas turbines and super chargers 
the same question. It is much easier to cut bolt and nut in 
two instead of drilling out a bolt from a main frame. 

One of the greatest needs now current with the users of 
gas turbines is for a means of determining the amount of 
useful life left in certain high temperature components. All 
these parts are expensive fo replace and even more expen- 
sive if they should fail. The user would like to know, for 
example, how many more hours are left in a turbine bucket 
after 60,000 hours of operation. He may choose to reinstall 
if it is more than 30,000 hours and replace if it is less than 
30,000 hours. (See Fig. 7.) 
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Fig. 6. Failed high speed ball bearing. 


FIG. 7. High pressure turbine bucket failure. 


Many of the accessories have often affected the operation 
of the turbine. Too many times a $25 protective device 
when not operating properly, can shut down a $1,000,000 
turbine. It should also be pointed out that when the gas 
turbine is placed on a line, accessibility is often poor. For 
this reason special attention should be given to making 
accessories such as fuel governors, valves, etc., as light as 
possible. It is much easier to replace components in the 
field and overhaul them at a central location than to try to 
repair them on the machine while the dispatcher screams 
for the machine to come back on the line 
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ON SUSPENDED PARTICLES IN GAS SYSTEMS 


DUST, DOLLARS, AND DATA: Introduction to an Important Series 


THE NEED FOR GAS CLEANING is as old as the gas industry. As 
the industry has grown, gas cleaning has become increasingly 
important, necessitating that engineers concerned with design 
and selection of gas cleaning equipment know more about the 
theoretical aspects of particles found in gas streams, and of the 
analytical methods available for determining particle size and 
composition. 

Purpose of this series is to provide background information 
that will help the utility engineer use the analytical methods in- 
telligently and effectively to determine and control actual per- 
formance of gas cleaning equipment on his system, and to guide 
him in selection of new equipment. 

With the need for removing particles so essential to opera- 
tions, gas companies are well justified in buying and using the 
various and excellent types of commercial equipment that are 
presently available. This equipment, however, may not always 
perform satisfactorily. Cleaners may prove inadequate in serv- 
ice simply because characteristics of the particles they are asked 
to remove differ from the particles they are designed to remove. 
Only through continual study of the problems involved will it 
be possible to improve existing — and develop new — equipment 
and techniques. 

Through practical application of analytical methods — and 
the instruments developed for use in these methods — the engi- 
neer can accumulate much valuable data. Intelligent interpreta- 
tion of these data will result in improvements in the design and 
selection of gas cleaning equipment to do an even better job on 
a proper engineering basis. 

Particles suspended in gas distribution and transmission sys- 
tems are not only a source of irritation to the gas engineer, but 
an expensive problem for the industry — a cost undetermined but 
estimated at millions of dollars annually. 

Particles cause many operitional difficulties. Solid particles 
carried in gas streams can corrode and/or erode system com- 


ponents — resulting in pilot outages, eroded valve faces, dam- 
aged compressor cylinders, ruined orifice meter plates. Particles 
of liquid nature in mixture with solid particles will cake when 
deposited on pipe walls, or collect at low points, decreasing flow 
efficiency. 

To eliminate these trouble-makers, engineers must first know 
the nature of the particles present in their individual systems— 
concentration, chemical composition, and size distribution. This 
information will help identify the source of the particles and the 
damage they can perform. This requires suitable instrumenta- 
tion. 

As part of the PAR Plan activities, the American Gas Asso- 
ciation initiated two programs at Arthur D. Little, Inc., for the 
purpose of developing suitable instrumentation and techniques. 
This work, now complete, resulted in development of several 
instruments that have been field tested and used in practical 
problems. Results of the study form the basis of this series of 
articles on the analysis of suspended particles in gas streams. 

Descriptions of these instruments, how they may be used, and 
types of information that can be obtained are to be presented. 
Also included are discussions on the theoretical aspects of both 
particles and instrumentation. 

It must be pointed out that this series does not offer a “solu- 
tion” to the overall problem of practical removal of such parti- 
cles. It is primarily background material. Responsibility for 
progress in the art of gas cleaning rests chiefly with the utility 
engineer concerned with gas cleaning. 

Publication of this informative series is the work of many. 
The PIPELINE ENGINEER is indebted to the staff of Arthur D. 
Little, Inc.; T. L. Robey, research director of A.G.A. and his 
staff, and members of the supervising committees for projects 
PF-15 and NFX-12, for their assistance, support, encouragement, 
and advice in making publication possible. 


Part I: The Physics of Small Particles 


J.R. Ehrenfeld, W. J. Smith, N. F. Surprenant, 
and N. M. Wiederhorn, 


Arthur D. Little, Inc., Cambridge, Massachusetts 


Instruments developed for the characterization of par- 
ticulate matter are, of necessity, based on one or more 
specific physical phenomena associated with small particles 
These include behavior of particles under the influence of 
a variety of external forces, the optical properties of aero- 
sols, and several thermodynamic and electrical effects. 

The physics of small particles must be considered sepa- 
rately from the physics of large objects as there are many 
phenomena that become important only as the size of the 
individual particle becomes very small. Table | shows the 
important forces or phenomena associated with some typical 
particle determination methods. This discussion is devoted 
to various phenomena associated with small particles rather 
than with specific instrumentation.* 

*For those desiring a more thorough treatment of the material discussed 
in this article. a number of good texts are available. Two of these are 


“Micromeritica,” by J. M. Dallavalle, and “Fluid and Particle Mechanics,” 
by C. E. Lapple, et al. 
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[he forces on a particle suspended in a fluid medium can 
consist of one or more of the following: 
1. Inertia, 
2. Viscous Friction or Drag, 
Gravity, 
Buoyant, 
Diffusional, 
Thermal, 


Electrical. 


[he motion of a particle acted on by one or more of 
these forces is directiy governed by Newton’s laws of 
motion. In any discussion of physical dynamics, the ques- 
tion of units often provides a stumbling block. In this dis- 
cussion three basic quantities are used; mass, length and 
time. The unit of force used is the dyne, and is defined by 
means of Newton's second law of motion, i.e., 

ee ae | fl 
The dyne, then, is the force that will cause a body having 
a mass of one gram to undergo an acceleration of one centi- 
meter per second. 
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TABLE 1. 
Particle Determination Methods. 


METHOD ASSOCIATED FORCES 


Sedimentation 


Filtration 
Whatman types 
Absolute types 
Millipore Filter 


gravity, buoyancy, drag 


inertia diffusion, drag 
gravimetric, opti 
gravimetric 
gravimetric 
Impingement 
Cyclones 
Liquid Impingers 
Impactors 


inertia, drag 


gravimetric 
gravimetric 


Electrostatic Precipitator electrical, inertia, drag gravin 


Thermal Precipitator thermal, inertia, drag 
Optical Instruments 

Light Scattering Photometer 

Gucker Particle Counter 


measure intensity of 


ed by 


measure trans issic 


Condensation Nuclei Apparatus 


Miscellaneous 


Hot Wire Evaporator thermal, inertia, drag 


pinge par 
fror 


n resistance 


Surface Area Meter easure total charg: 


Gyyton Counter ars electrical 


of rt 
particle 


electrical! conductivit 


Coulter Counter 


ORIGIN OF FORCES 


1. Inertial 


Inertial forces are caused by the fundamental resistance 
of matter to changes in the vector velocity. These forces are 
difficult to define in terms of specific interactions between 
matter and various types of energy. Instead, inertial forces 
are defined in terms of Newton's second law of motion. 

dv 


F=masm—. ...-.« 2) 
dt 


This equation can be rewritten as 


vane ee. 


-- (3) 
dt 


In this form, as pointed out by D’Alembert, the term, 
- dv 
dt 
forces, F. It is a fictitious force, equal in magnitude but 
opposite in sense to the product ma. This fictitious force is 
termed the inertial force. For small particles, the term 
dv 
dt 


appears as a force in equilibrium with the external 


, usually results from changes in the direction of motion 


is this 


, , mv- 
and it then becomes a centrifugal force, . It 
r 


force that is of interest in instruments such as centrifuges 
and impactors. 


2. Viscous Forces or Drag 


When a fluid is in motion, velocity gradients exist through- 
out the volume of fluid, i.e., portions of the fluid are mov- 
ing at different velocities from the neighboring regions. 
This relative motion of fluid layers causes energy to be 
dissipated by friction in much the same way as friction be- 
tween two solid surfaces dissipates energy when the surfaces 
are moving at different velocities. 

Where solid surfaces interact, the magnitude of the fric- 
tion is given in terms of the coefficient of friction. Friction 
in fluid media is related to the viscosity of the fluid. Vis- 
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microscopi 
gravimetric, microscopic 


microscopic, gravimetric 


" 


' 
cles and 


heated wire-record changr 


microscopic 


etric, microscopy 


individual partic 


f 1 


mpulse on my 


METHODS OF ANALYSIS 


scattered light 
measure intensity of light-scatter- 
, 


PARTICLE INFORMATION 
OBTAINABLE REMARKS 


number, weight Not useful for sub-micron particles 


(renerally low efficiency 
High efficiency for submicron particles 


weight 
weight 
size, number, weight 


For particles >2 w 
Fffiriency depends on particle size and 
flow rates 


High efficiency. 


weight 
weight, size, number 
weight, size, number 


size, number, weight 


size, number High efficiency for particles <10 « 


correlation with weight 


number and size of particles Count and size particles >1 » 


es 


evaporate 


an 


ght number 


Particles less than (0.1 serve as nuclei for 
condensing water 


weight, number Large liquid particles 


total surface area Charge not a function of area for particles 
Ll 


mmber, weight Large particles 
’ 4 


ge numbe t Particles collected and suspended in 
ductive hquid 


cosity is defined as the shear force per unit area required to 
impose a unit velocity gradient in the fluid; i.e., if F,’ is 
this force, 

dv 


—. “= 


dy 


(4) 


Friction in fluids can be produced by relative motion in 
the main part of the fluid stream or by the resistance of a 
solid surface placed in the fluid stream. Forces that result 
when a solid surface is involved are called drag forces and 
are often given by complicated expressions. A general ex- 
pression for the drag force is 


F, — KD," V"12 n po” 1 (5) 


In this expression, the value of K is a function of the 
particle shape and type of flow, streamline or turbulent. 
The value of n in the exponent is determined by the type of 
flow alone. In considering particle dynamics, two classes of 
flow are important. 

The first, streamline flow, is the case where the particles 
move through the fluid without causing small eddies to 
appear in the vicinity of the particle. In this case, the value 
of n in the exponent is unity. In this important case, the 
equation reduces to a form known as Stokes’ law: 


F, = KD,v,. (6) 


The values of K depend now only on the particle shape. 
For spheres (K = 37) so that 


F, = 3xD,Vu 


For other shapes, K has different values. These values are 
not known for most odd shapes. Under these circumstances, 
viscous effects are usually considered in terms of an“equiva 
lent sphere.” The “equivalent sphere” is the spherical par 
ticle that exhibits the same behavior as the particle in 
question. 

For the case of turbulent motion, where the motion of the 
particle caused eddies to be formed, the value of n in the 
exponent is two. This case was examined by Newton and 
bears his name. The general expression is: 


F - KD,,?vV" p, 





It is interesting to note that, in turbulent media, the drag 
force is independent of the viscosity of the medium. For 
T 
16 
more, non-spherical particles are usually discussed in terms 
of an equivalent sphere. It should be noted, however, that 
the equivalent spheres for an individual particle usually 
will be different for streamline and turbulent flow. For cases 
between streamline and turbulent motion, the value 3/2 
for the exponent has been found to give reasonably valid 
value. - 

For very small particles, when the diameter is of the same 
order as the mean free path of the fluid media, Stokes’ law 
no longer is exact. For most gas at normal conditions the 
mean free path is about 0.1 microns. Under these condi- 
tions, the particle encounters less resistance and a velocity 
higher than predicted by Stokes’ law is obtained. The cor- 
rected Stokes-Cunningham equation is 


spherical particles K is approximate'y equal to—. Once 


F, et ) 
A 
1+b 
; D 


where A is the mean free path, and the constant b in the 
correction factor is a function of the gas composition, pres- 
sure, and temperature. It has been found to be between 
1.3 and 2.3 for most cases. 


3. Gravity Forces 
The force of gravity (F,) is simply the weight of the 
particle and is given by 


7D, ‘ps 


F.: 
. 6 


4. Buoyant Forces 


Particles suspended in a fluid have a buoyant force (F,,) 
exerted upon them in the same manner as gross objects do. 
This force is equal to the weight of the fluid displaced by 
the particle. The buoyant force is given by 


5. Diffusional Force 


The motion of particles due to molecular bombardment 
is not generally determined in terms of forces. This pheno- 
mena can, however, affect the dynamics of particles. The 
effect of molecular motion is additive to the motion caused 
by external forces. The phenomenon of molecular motion is 
well known as Brownian motion. The theory of Brownian 
motion was developed by Einstein. He derived an expres- 
sion that determined the average distance a particle will 
move as a function of time and fluid properties. The equa- 
tion for Brownian motion is 


2RT 


t (12 
Ne 12) 


AS 


In this form ¢ is the friction coefficient. For small spherical 
particles, using the Stokes-Cunningham relation, the equa- 
tion is 


AS 


2RTk» |, 
3D,uN 


6. Thermal Forces 


When a particle suspended in a gas inoves through a 
region containing a thermal gradient, a force is exerted on 
the particle, which tends to drive it from the hot to the cold 
region. This effect is separate from any motion caused by 
fluid convection currents. 

This phenomena is difficult to treat theoretically. The 
most rigorous treatments consider the thermal force to be 
a radiometer force and are based on Maxwell’s equation 
for the movement of gas against a temperature gradient 
along a solid boundary. This movement is termed thermal 
creep and the reaction to this motion is observed as the 
thermal force. The development of the radiometer theory 
to its present form is largely attributed to P. Epstein, who 
derived the following expression for the force on a spherical 
particle in a temperature gradient: 


97D,H, yp? _ dT 


x - x (14) 
2H, + H 2 pul dy 


In this expression, the force is directly proportional to the 
temperature gradient, and to the particle diameter. It is 
applicable to conditions of high pressure where the particle 
radius is appreciably greater than the mean free path of the 
gas molecules. At low pressure, the force is given by a less 
complicated expression. 

The motion of a particie in a temperature gradient is 
found by equating the thermal force to the viscous drag. 
At conditions of high pressures —or when the particle 
diameter is less than about | micron —the velocity in- 
creases with decreasing particle size. The efficiency of 
thermal precipitation devices is thus greatest for small 
particles. 


7. Electrical Force 

This force on a particle depends on the net charge. The 
mechanism of charging is quite complex and will be treated 
separately. The electrical force is given very simply, how- 
ever, as 


Rata. 1.8 Set oes 


PARTICLE DYNAMICS 


After the nature of the forces acting on a particle are 
established, the dynamic path of the particle can be ob- 
tained. The most useful equation to use for tracing a single 
particle is probably Newton’s second law, written as an 
equilibrium equation: 

dv 


=F — m—= aoe ewe. se 
dt 


Expressions for the various forces are entered explicitly 
and the differential equation is solved. As an example, the 
terminal velocity of a particle falling through a fluid are 
calculated. 

The only forces that act on a particle falling freely are 
inertial, gravity, buoyancy, and friction. The differential 
equation is: 


aie (3-D uv) — 7D,, Po ‘- 7D, pe 5 7D,, p dv \ _ 
la . 6 6 ap 


(17) 


or, in simpler form 


dv 4 18), y= (: —_ Po 
aye Np P 
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The solution to this equation is 


18 
v= (%— v9 e-( K)ety 
t pD,? t 


_ (p— po) D,*8 
Vv. =- 18, \ we Ae 


The quantity v, is the so-called terminal velocity. This 
is the velocity attained when the friction force just balances 
the gravity and buoyant force. In the above, the multiplier 
of t in the exponential term determines the length of time 
required to reach the terminal velocity. 

In this problem, streartnline flow was assumed. For tur- 
bulent flow, the Stokes law expression must be replaced 
with the appropriate relatioa. Equation 17 then becomes: 


7D,"pdv a 7D,°V* p. 2D, po8 7D,,*pg — 


0. (2 
6 dt 16 6 6 iss) 


or in simpler form 


qv. St a. P — Po 
s+ (5)-(34) 


The solution to this equation is 


v= [“*" - ree] “x = 
%. 


where the term A is given by 


>= ) 3g I 
A=(' Ye) )( ) . . (24) 
Pp P 8 D, 


From an examination of Equation 23, it can be seen that 
as t approaches infinity, the second term on the right ap- 
proaches unity. v, then becomes the terminal velocity and 
is given by the square root term in Equation 23. 

The terminal velocity can be obtained more readily by 
assuming steady-state conditions. The velocity is then the 
terminal velocity, and since no inertial term is present, the 
solution is obtained without the necessity of solving a dif- 
ferential equation. 

These types of problems are very important in designing 
instruments that utilize some dynamic technique or in in- 
vestigating the theoretical behavior of particles in motion 
in a pipeline. 


ELECTRICAL PHENOMENON 


The important electrical phenomena, besides the dynamic 
effects of electric forces, are the various mechanisms by 
which a particle becomes charged. There are two separate 
charging mechanisms. The first — operative for particles 
larger than about | micron — is due to ionic bombardment 
of the particles. Gas ions will collide with and be held by a 
particle passing through a region of high field strength until 
the attractive force of the field is exactly balanced by the 
electrostatic coulombic repulsion. The equation that relates 
the total electric charge to the particle size and field 
strength is 
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The formation of gas ions, which provide the charges, is 
generally carried out by passing the aerosol through a dis- 
charge. 

For particles smaller than 1 micron, the charging mechan- 
ism is independent of the external field strength and is due 
primarily to diffusion of ions to the particles. This pheno- 
menon was investigated by Rayleigh, who discovered that 
the charge could be given by the semi-theoretical equation: 


ot3Ax Ox Ee. . . . - 2 6 2 OB) 


where T is the temperature in Degrees Kelvin, D,, is in cm, 
and e is 4.8 x 10-1!° esu. 

It is customary to speak of particle mobilities as the con- 
stant terminal velocity per unit field strength attained by a 
charged particle. While this is not strictly an electrical 
phenomenon, it is generally considered simultaneously with 
the charging properties. The mobility is obtained by first 
equating the electric force to the viscous drag force: 


é 3rpD,v 


2 
k (27) 


Ero = 


By substituting the expression for o, the mobilities are 
obtained. 
For particles greater than | micron 


v%. _ E,D, ky, bam I 
'= = : l T 2 . (28) 
v" Eg taep (; +2 


For particles less than | micron, using units as indicated 
in Equation 26: 
Vv 360k,,, Te 


»=— = : 5 ow? ae ae 
vr” Ee y 


In the latter case, the mobility is independent of particle 
diameter. These properties are important in discussions of 
the many types of electrostatic precipitators used in dust 
abatement and in theoretical discussions of the behavior of 
charged aerosols in pipelines. 


OPTICAL PHENOMENA 


The most important optical property of aerosols is the 
scattering of light. When light is directed through a mass 
of particles suspended in a fluid, some of the light is scat- 
tered in all directions. The well-known Tyndall effect is an 
example of light scattering. The theory of light scattering is 
quite complex, so only the important results are shown 

The nature of light scattering, like electrical charging, 
obeys two laws — depending on the particle size. For par- 
ticles whose diameter is smaller than the wave length of 
the incident light, the scattering follows Rayleigh’s law. The 
total amount of light scattered by a single particle per unit 
intensity of illumination in all directions is given by 


n?— 1 \% D,* 
n? + 2 At 
This equation is valid for all particles, whether spherical 


or not, when 


D, < 0.1A 


The angular dependence of scattered light in Rayleigh 
scattering, with unpolarized light is, 


a on One Sas ee 31 
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For particles whose size is comparable to or larger than 
the wave length of the incident light, the scattering is gov- 
erned by a theory developed by Mie. The most convenient 
form of expression of Mie’s theory is given by the equation 
determining the scattering coefficient K, i.e., the total scat- 
tering per unit cross-section of the particle: 


otry. |. OD 
2v+1 
In this form a, and 8, are functions of 


7D,n 
x 


B - (33) 


These functions are extremely complicated. For many 
values, published tables are available. For large particles, 
where D, is greater than about 4 or 5 times the wavelength 
of light, the value of K is, sensibly, two. 

Both the above theories, as expressed by equations 30 to 
33, are valid only for transparent particles. The Mie theory 
has the additional constraint that the particles must be 
spherical. It is possible to determine the scattering coefficient 
for absorbing particles as well, but these expressions are 
very complex and tabulated values are not available. 

Equations 30 to 33 are in terms of the scattering of a 
single particle. To determine the scattering of an assembly 
of particles it is necessary to multiply by the number of 
particles. 

For aerosols, a common technique is to determine the 
total scattering of light transmission measurements. The 
intensity of light passing through a scattering medium de- 
creases exponentially with distance according to Lambert’s 
law, i.¢., 


I = I,e-Je! (34) 


where 


Nomenclature 


acceleration 

= constant in Cunningham cor- 
rection 
weight concentration 
particle diameter 
collecting electric field, stat- 
volts /cm 

- charging electric field, stat- 
volts/cm 

= electronic charge 
force 
acceleration of gravity 
thermal conductivity of fluid 
thermal conductivity of 
particle 
Intensity of light 
light scattering coefficient 
Cunningham correction coeffi- 
cient 


Value . 
( ilue | DA ) 
D 


p 
characteristic fluid dimension 
: scattering length in medium 
mass 
molecular weight 


J is the total scattering per gram of material and K is 
the scattering coefficient given above. 

For small particles, the amount of light scattered is essen- 
tially independent of angle. As the size of a particle in- 
creases, the distribution of scattered light intensity with 
angle changes, and a larger fraction of light is scattered in 
the forward direction. To achieve maximum sensitivity, 
therefore, most light scattering instruments observe the 
scattered radiation at small angles from the incident beam. 


THERMODYNAMIC PROFERTIES 


Small particles have properties somewhat different from 
large aggregates. As a result of the high surface to volume 
ratio, the energy contained in the surface of the particle is 
relatively large compared with the total energy. An impor- 
tant consequence of this condition is the raising of the 
vapor pressure of small drops. The vapor pressure of a 
small drop is given by 


P = P, ex ~~. 4 -. (36) 
= - xp D,p x RT P e . e 


[his property is of interest in a study of oil fogs where 
its effect tends to make the large drops grow at the expense 
of the smaller drops. It is of importance also in the design 
and use of a collection instrument such as the thermal 
precipitator where appreciable evaporation of liquid drop- 
lets may take place. 


MISCELLANEOUS PHENOMENA 


There are a number of instruments developed for par- 
ticle determination that depend primarily on phenomena 
that do not fall readily into any of the above classifications. 
Some of these are listed in Table | under various categories. 
Primarily, they are based on electrical phenomena such as 
changes in the resistance of a wire or solution, dielectric 
constant, electrostatic charge, etc. These devices — and the 
more conventional instruments — will be discussed more 
fully in subsequent chapters. 


To be continued in an early issue, 


N = Avogadros number 
- index of refraction 
vapor pressure at curved 
surface 
vapor pressure at flat surface 
= radius 
gas constant 
distance from scatterer to 
observer 
total scattering 
= mean distance in Brownian 
motion 
time 
absolute temperature 
velocity 
distance 
scattering parameters 
surface tension 
dielectric constant 
net charge per particle 
viscosity 
mean free path; wavelength 
= particle density 
» = fluid density 
= friction coefficient 
scattering angle 
mobility 
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Exclusive Controlled 
Compressible Port Seal 
provides fast, positive 
Shutoff in any service... 


Controlled sealing ...a new concept in 
valve design ...is the secret of Hydril’s 
tight, bubble-proof shutoff. Hydril Ball- 
Plug Valves always seal positively 
against pressure from either direction — 
or against vacuum —because the fully 
confined packing ring is mechanically 
compressed between plug and seat when 
the valve is closed. This tightly com- 
pressed gasket type seal easily bridges 
clearances between parts as well as sur- 
face imperfections. Result: seal effi- 
ciency is unimpaired by prolonged hard 
usage, by rust or sediment. 








Design of Hydril Type “K”’ Ball Plug 
Valves assures minimum maintenance 
costs. Non-lubricated, they employ no 
sealing lubricants. There’s no sliding 
friction between plug and body to pro- 
duce wear and abrasion. 

The spherical plug is mounted on 
accurately positioned bearings, main- 
taining a minimal controlled clearance 
between plug and body. This contributes 
to easy, free-turning operation as well as 
to long service tife. 


Hydril valves are available in a wide 
range of sizes and ratings. Worm-gear and 
motor-operated models can be supplied. 
Get the full story on Hydril Valves from 
your nearby representative...or write 
Hydril Company for free Catalog No. V-60 








HYDRIL COMPANY 


714 West ‘Olympic Boulevard, Los Angeles 15, Calif 


Factories at: Los Angeles; Houston, Texas; Rochester, Pa 
Sales Offices: California: Bakersfield, Los Angeles 
Ventura « Lowisiana: Harvey, Ne beria, Shreveport 

Oklahoma: Oklahoma City, Tulsa - 

Dalias, Houston, Midland dessa 

New York: New York .« Canada 
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Now, 36-'n. diam, 7/16-in. wall and other sizes of transmission pipe 
can be welded automatically in a fixed position in the field. 


Close-up showing automatic gas shielded consumable electrode weld- 
ing head rotating 36-in. diam pipe joint. 


AUTOMATIC FIELD WELDING OF 
36-IN. PIPE IN FIXED POCSITION 


AUTOMATIC WELDING of large 
diameter transmission line pipe in the 
field—in a fixed position (without ro- 
tating the pipe)—is made possible by 
an automatic welding machine devel- 
oped by H. C. Price Company in co- 
operation with Crose-Perrault Equip- 
ment Corporation and Hobart Broth- 
ers Company. 

Field tests on pipeline projects in 
Oklahoma and California have given 
the following results: 

The machine will join automatically 
36-in. diam API 5LX Grade X52 pipe 
of 7/16-in. wall thickness in less than 
8 minutes. 

The pipe is acceptable as welded 
with no cleaning or grinding necessary. 

The procedure meets API codes for 
bending, X-ray, etc. 

Standard pipe is welded without 
back-up ring and no preparation tool is 
required to lead the welding head. 

The machine employs the Hobart 
Micro-Wire Welding Process. This is a 
gas shielded arc welding process using 
CO, gas, a small diameter electrode 
wire usually in the range of .035 in. to 
.045 in., a low are voltage in the neigh- 
borhood of 19 to 20 volts, and a rela- 
tively low welding current, usually 120 
to 150 amp d-c reverse polarity. Con- 


D-36 


trols for both the fixture and welding 
head are preset and operated by a push- 
button pendent 

Preliminary procedure is much the 
same as for conventional manual weld- 
ing. Standard pipe is supplied to the job 
with beveled ends. The two pipe ends 
are lined up with a standard gap and 
held firmly in position with single hy- 
draulic internal line-up clamp. Tack 
welding is not required. The machine is 
compact and lightweight and can be 
positioned over the joint by two men, 
but for field operation convenience 
it will be positioned by a sideboom 
tractor. 

Travel speed of the machine, as well 
as the amperage and voltage are pre- 
set. The operator visually lines the unit 
over the joint and adjusts the electrode 
position with the pendent control. The 
weld is visible at all times and even 
though the operation is fully automatic, 
the operator can control both unit and 
welding head to compensate for vari- 
ables, or he can shut the complete ma- 
chine down by pushing one button on 
the control pendent. 

The Hobart Micro-Wire process was 
selected for welding of the pipe due in 
part to its previous successes with semi- 
automatic and automatic roll welding 


of pipe but primarily because of its 
fundamental abilities. 

The process involves the variable 
speed automatic wire-feeder coupled 
to a source of constant voltage power. 
The constant voltage principle is suc- 
cessful in making the all-position weld, 
which involves variations in root open- 
ings, possible variations in root face on 
nose, and normal problems with mis- 
alignment of pipe. Each of these fac- 
tors is a complication in producing 
quality weld joints. Utilization of the 
small wire principle and the constant 
voltage power source minimize the 
effects of these variables. 

The constant source of power for the 
machine is a belt-driven 500-amp con- 
stant voltage welding generator with a 
12-kw auxiliary power generator that 
delivers 110/220 a-c single and 3- 
phase current for operating drive mo- 
tors. It also can be used for lights and 
other equipment on the spread. The 
generators are mounted on the side- 
boom tractor and belt driven from a 
power-take-off. 

All welding is “down-hill” starting at 
12 o'clock and welding to 6 o’clock on 
both sides of the pipe. The second 
bead overlaps the first bead at both top 
and bottom. Welding speeds depend 
upon the wall thickness of the pipe. * 
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: FROM 
NEWS ™ 
THE 


LINE! 


i ee 


pipeline insulators as alike 


Are all 


— as two peas in a pod? 


They’re not alike, not in physical properties! When plastic insulators 
first became available for pipeline use, W™@SON felt they were inferior to the steel and block 
types then available. We delayed our entry into the field until we could provide a plastic 
material to withstand field abuse and wear. We found that material in a high density poly- 


ethylene which could be injection molded to provide low cost insulators of the highest quality. 


Our decision has proved sound. Breakage and excessive wear of glass fibre reinforced 
plastics, particularly in large sizes, has created a lack of confidence in plastics in general, 
but the M-2 Plastic THINsulator® has proved its stamina. Its high resistance to cold flow has 
been proved. Deflection test results: 1000 p.s.i. on each THINsulator runner for 64 days — 
total cumulative deflection only 0.029”. Max. temp. during test, 105° F., min. temp., 75° F. 


Its low coefficient of friction causes 


it to slide easily inside casing. The 
el 
~ - - —+—+—_+ 
pact fracture (4.0 ft. lbs./in. notch- SSR eeeeees 
. om oe se ie = | r 


7. +—f—_ + ~—T—T 


M-2 is completely resistant to im- 


ed) and has successfully worked 
on 36” pipe, %” wall, pulled in : - 

excess of 500 feet. We are con- ELAPSED TIME IN DAYS 

vinced that it will perform as well 

or better than any other insulator on the market, including all known steel types. Other 
physical properties: Dielectric strength — (short time, 4%” thickness) 500 volts per .001 inches 
(D149-55T); Tensile strength — 4400 p.s.i. at 20 in./min.; Elongation — 25% 20 in./min.; 


Abrasion resistance — Taber index 5.7. 


The increased acceptance of the M-2 THINsulator has brought production 
to a level of real economy in injection molding. These cost savings are 
being reflected in new WSON prices for 1961. 


In planning ‘6! cased crossings, don’t 
pay a premium for other insulators — use 
WmSON engineered M-2's and save! 


/ 


‘3 
T.D. Williamson. Inc. 
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UNUSUAL BOOSTER: 
Iimvwerted Bowl Turbine Pump 


DAVID D. PICKRELL, Superintendent, Ranger Division, Premier Oil & Refining Company 
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Pump cen be used for high pres- 
sure service utilizing low pressure 
shaft seals, as it is necessary to 
hold only the suction pressure and 
not the full discharge pressure. 








A UNIQUE TYPE of booster station 
has been installed by Premier Oil and 
Refining Company (division of West- 
ern Natural Gas Company) at Brock, 
Texas, between Ranger and Fort 
Worth. The single unit at this location 
is an inverted bowl turbine can pump, 
unusual for pumping crude oil. It was 
selected because of design character- 
istics that eliminate the need for a high 
pressure shaft seal. This is possible be- 
cause the seai need hold only the suc- 
tion pressure and not the full discharge 
pressure, which is accomplished by in- 
verting the bowl assembly and pump- 
ing downward into the can rather than 
upward through the discharge head. — 

The unit has further features. It is 
a space-saver because of its vertical 
shape and it need not be housed (see 
accompanying photograph). 

The pump unit consists of a 10-stage, 
8-in. glass-lined bowl assembly, a 6-in. 


by 5-in. fabricated steel in-line dis- 
charge head, and fabricated steel can 
for installation of the bowl assembly. 
The drive is a 100-hp vertical weather- 
proof motor. 

Premier has approximately 1000 
miles of pipeline in Coleman, Brown, 
Callahan, Stephens, Palo Pinto, Erath, 
Parker, Tarrant, and Eastland counties, 
and the 6-in. line from Ranger feeds 
into the company’s refinery at Fort 
Worth. 

The booster at Brock is operated re- 
motely from Mingus station by means 
of line pressure, with suction at 150 
psi and discharge at 540 psi. Its addi- 
tion to the system has _ increased 
throughput from 5000 bbl per day to 
8300 bbl per day 

Fiese and Firstenberger Mfg., Inc., 
Fresno, California, manufactured the 
pump. Engineering and sale were by 
Livingston Machinery Sales, Dallas, 
Texas. *x**e* 


Inverted bowl turbine can pump installed outdoors at 
Brock, Texas, by Premier Oil and Refining Company. 
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PIPELINE VALVES? GET GROVE 


Whatever the service, there’s a proven Seal-‘‘O"’-Ring® Grove 
valve ready for duty. G-3, G-4, and new G-5 series Grove gate 
valves are available in sizes and working pressures to suit your 
needs. And Grove valves never need lubrication! For complete 
details on any Grove pipeline valve, write for Catalog 541. 


GROVE PIPELINE VALVES 
GROVE VALVE AND REGULATOR COMPANY 


A Subsidiary of Watworth 


6529 HOLLIS STREET + OAKLAND 8, CALIFORNIA 
Offices in principal cities throughout the United States 
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ENGINE FOUNDATIONS 


—Design, Theory, and Construction. Part 2 


D. A. NESTERENKO, Principal Structural Engineer, Stanley Engineering Company 


The “Dagebo” Method. In the late 
1940’s and in 1950, leading soil me- 
chanics researchers in this country also 
made contributions to the problem. 
Prof. Tshebotarioff analyzing the “Da- 
gebo” method, concluded that the size 
of the loaded area has a much greater 
effect on frequencies than was previ- 
ously anticipated. Foundations de- 
signed for the same unit pressure will 
have lower frequencies if the bearing 
area is larger. Prof. Tshebotarioff made 
his most important statement (Ref. 18 
page 577) to the effect that the soil 
foundation system for each site has to 
be considered if proper evaluations of 
frequencies are to be made. We concur 
with this statement. Perhaps someday 
portable equipment will be available 
for the soil mechanics laboratories to 
evaluate each site correctly. 

To see what effect the size of the 
bearing area would have on the dy- 
namic properties of the soil, an interest- 
ing chart of reduced natural frequencies 
was prepared in the past. To have as 
complete a picture as possible, all avail- 
able data was utilized: “Dagebo,” 
“Vios” (Russian), and also data con- 
cerning several units in the U. S. having 
resonance troubles. We studied the 
chart of reduced natural frequencies 
and, comparing with actual field experi- 
ence of successful installations, find 
that the chart does not satisfy our ex- 
pectations, particularly in the upper 
and medium regions. 

Some reasons for that in our opinion 
are: 

(a) Two different kinds of results 
were compared: German data, by spe- 
cial design of the testing equipment, 
represents coefficients in the vertical 
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direction for a small bearing area and 
does not include the influence of the 
foundation stiffness or the influence of 
height, width, length, etc. The U. S. 
data apparently include all those fac- 
tors. It appears that a comparison has 
been made between vertical vibrations 
and perhaps rocking, which in many 
cases could be much lower. 

(b) According to the chart, some 
persons computed only one natural 
frequency. Because a foundation has 
more than one degree of freedom, this 
wouldn't necessarily represent the ac- 
tual situation. 

(c) Using data of foundations in the 
U. S. we do not actually know whether 
those units were designed for uniform 
bearing pressure considering the center 
of gravity. Because this was often dis- 
regarded in the past, it is quite possible 
that a picture of the vibrations may be 
even more obscure. Our field experi- 
ence indicates that the results on the 
top and medium portions of the chart 
should be moved somewhat closer to 
the right side. This means that the ef- 
fect of the area on the chart was over- 
estimated. We also think that a con- 
sideration of the area alone may not 
solve all problems. 

It is probably necessary to consider 
also a shape of the area. A very long 
and narrow foundation may have dif- 
ferent natural frequencies than a square 
one, even though both the area and the 
unit pressure are equal. A high or a low 
ground water table may also influence 
the result. Sometimes, a soil will change 
its original properties. Sands, for in- 
stance, may be compacted by induced 
vibrations of the machines themselves. 


Savinov’s research data. Some new 
research data and ideas of G. Savinov 
recently have been published in Russia. 
He considers three subgrade dynamic 
coefficients: 

C, in the vertical direction due to a 

uniform load. 

C, in the vertical direction, due to 

a non-uniform load (rocking) 

C, in the horizontal direction. 

These coefficients may be computed 
by formulas, using several given fac- 
tors based on research work. Some of 
the factors are constant and depend on 
the nature of the soil. The others take 
into consideration the bearing area, 
pressure, and some basic dimensions 
of the foundation base. We briefly 
checked two diesel foundations for ver- 
tical natural frequencies using these 
formulas. For a better comparison, dif- 
ferent foundations were used, one for 
a large unit and the second for a rather 
small unit. 

The bearing area ratio was 10:1. The 
unit pressure in both cases = 2'/ft*. 
We found that the larger foundation 
had a + 25 percent lower natural fre- 
quency in the vertical direction than 
did the small foundation. Our check 
indicates that the influence of the area 
is an important factor, but not as great 
a factor as was presented in the above- 
mentioned chart of reduced natural 
frequencies. “Dagebo” data indicates 
somewhat higher natural frequencies 
for larger areas than would be ob- 
tained using Savinov’s formulas even 
though the lower range of the “Da- 
gebo” figures for lower unit pressure 
are used. 

It will be interesting to see how Savi- 
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nov’s work is substantiated by future 
soil mechanics research work in this 
country. 

It has to be emphasized here that 
the basic approach of the soil mechan- 
ics research worker and the design en- 
gineer on this particular problem may 
be somewhat different. The research 
worker would like to know the abso- 
lute truth and know the “why” behind 
it. He is not responsible for the design 
of a job that has to be performed in 
a relatively short time. He has time 
available. The design engineer also 
would like to know the truth, but he is 
obligated to do a good job and to pro- 
vide a proper foundation for the ex- 
pensive equipment. Because of this 
obligation, the engineer is content to 
use approximate figures if better re- 
sults are not available. 

We also recognize that in the design 
of equipment foundations, the impor- 
tant problem is actual experience. We 
propose to all leading manufacturers 
that they publish periodically available 
data about foundations and equip- 
ment of successfully built instailations. 
Data already has been published to a 
cortain extent by the General Electric 
Company concerning turbo-generators. 

The manufacturers of reciprocating 
machinery can do likewise. Important 
data would include basic dimensions of 
the foundation, all necessary weights, 
type of soil (sand, clay, silt or piling), 
unbalanced forces and couples includ- 
ing their location, magnitude, and di- 
rection. If the magiiiides are not avail- 
able for units in operation, at least the 
type and location of forces and cou- 
ples presenti (primary, secondary) 
could be published. Also, it is neces- 
sary to know whether the unit was de- 
signed considering center of gravity 
and a uniform bearing pressure. These 
data would provide certain guides for 
the design engineer and would indicate 
in which direction to proceed. 

Machine types. Some basic ideas can 
be applied to the many machine types, 
considering the most favorable founda- 
tion shape dynamically. We intend 
here to present briefly these ideas. 


Range 1: 

The following machines are included 
in Range 1: 

a. Machines without unbalanced 
secondary forces or couples and 
with rotative speeds of approxi- 
mately 500 rpm or less. 

b. Machines with unbalanced sec- 
ondary forces and/or couples 
and with rotative speeds of 250 
to 300 rpm or Jess. 

The usual type of foundation for a 
Range | machine wouid include a pro- 
jected bottom slab to obtain a low soil 
pressure and to increase the stiffness of 
the foundation. The box foundation is 
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often a good solution. Using a pro- 
jected bottom slab, the design engineer 
attempts to raise all natural frequencies 
of the foundation above the highest 
critical speed, say in this case, 500 per 
min to 600 per min. It is not always 
possible to obtain these high frequen- 
cies. Only on very stiff soil can 600 per 
min be obtained. 

If rocking or rolling vibrations are 
present, it is desirable to keep the 
height of the foundation to a minimum. 

If the foundation is supported by 
piling, the procedure is somewhat dif- 
ferent. There are usually only one or 
two natural frequencies that are higher 
than 500 per min. The others are much 
lower, quite often between 70 to 170 
per min. A machine with a speed of 
250 rpm usually can be successfully 
designed if some of the natural fre- 
quencies are above and some below the 
engine critical speeds. 

The result of the computations may 
be favorably altered by the introduc- 
tion of batter piles. 


Range 2: 

a. Machines with or without unbal- 

anced secondary forces and cou- 
ples and with an rpm usually be- 
tween 600 (or slightly less) and 
1200. 
Machines with an rpm between 
300 and 600 and with unbal- 
anced secondary forces and/or 
couples. In both cases, the foun- 
dation is directly supported by 
the soil. 


When unbalanced forces and cou- 
ples occur in one plane only, it is some- 
times possible to analytically design a 
foundation with a reasonable assurance 
of being successful. If the foundation 
supported on soil has to be designed 
considering all six degrees of freedom, 
however, an analytical design becomes 
obscure since at least three natural 
frequencies would be close to the criti- 
cal speed. Furthermore, pure structural 
alteration of the foundation will not 
help. The small margin of safety of 
the approximate computations should 
be considered unsafe. In such a case, 
the best procedure would be to use 
spring supports, piling, or piers. A 
proper selection must be considered 
for each individual situation. By doing 
so, a designer will attempt to drop 
safely all six vibrations below the ro- 
tating speed. 

It is entirely possible that many diesel 
units or other reciprocating machines 
with unbalanced forces of similar rota- 
tive speed, have been installed on block 
foundations without the use of springs 
or piling and with a reasonable satis- 
factory performance being achieved. 
The equipment performance depends 
upon the actual difference between the 
natural frequencies of the foundation 


and the frequency of the equipment as 
to whether the departure from reso- 
nance is adequate. Some of these instal- 
lations are noisy and the life of these 
units undoubtedly will be shorter than 
will the more quiet installations. 

Since large numbers of units of this 
category are installed during present 
day times, it is desirable to seriously 
consider the extra cost involved for 
the proper type of foundation support 
Range 3: 

Machines with an rpm greater than 
1200. 

For machines of this range, the foun 
dation bearing area should not be too 
large and the static pressure on the soil 
should be larger than that for the 
Range | machines. The general idea 
of the design is to lower all natural 
frequencies below the rotating speed of 
the equipment. Either soil or piling 
support usually is satisfactory. 

Actual computation of the vibrations 
can be performed after all previously 
mentioned problems are considered. A 
designer should decide what he intends 
to accomplish and assume a first ap 
proximate but logical foundation shape 
Next, he has to evaluate and compute 
all previous:y mentioned factors 

The last Step Is the dynamic compu 
tation of all frequencies corresponding 
to the existing unbalanced forces and 
couples (a maximum of six frequen 
cies). Also, it is usually necessary to 
check the amplitudes of the vibrations 
due to the unbalanced forces and/or 
couples. If the amplitude is larger than 
desired, the foundation may settle ex 
cessively and non-uniformly. Thus, the 
proper function of the machine may 
be impaired. 

These computations are based on 
general assumptions of the dynamic 
theories of the structures and are too 
lengthy for repetition in a short time 
In addition, they vary considerably 
from case to case. 

If the first result is unsatisfactory, it 
is necessary to change some dimensions 
and repeat the computations. The de 
signer should compare all theoretical 
resulis with similar foundations that 
have been built and tested 

The next step is the structural design 
of the foundation. 


Structural Design 

Some new research work on concrete 
conducted at the University of Illinois 
and presented by L. W. Murdock and 
Prof. C. E. Kesler at the American 
Concrete Institute conference in Chi 
cago in 1958, made clear several fac 
tors not entirely known before. The 
two findings most important to us are 

(a) Concrete does not have an en- 
durance limit within 10 million repe 
titions of load 
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For over forty years, Nordberg—Busch-Sulzer has been building en- Fa 
gines for major pipe line companies. This specialized experience en- ; 

ables Nordberg to recommend applicable engine types. . . for opera- 

tion as diesel, dual-fuel and spark-ignition gas units . . . whatever fuel 


best suits your pumping operations on crude or products pipe lines. 


Nordberg Pipe Line Engines have compiled a record of ruggedness, 
day-after-day dependability, low fuel consumption and low trans- 


mission costs year after year. 


This remote-controlled 1750 hp Nordberg diesel ; One of two Nordberg 2000 hp dual-fuel engines 
serves the Texas Eastern Transmission Corpora- : lease-rented by Sinclair Pipe Line Company, to 
tion booster station near Lafayette, Indiana. - serve its Teague, Texas main line station. 



















































































Nordberg engine installations do not require 
expensive, complex station arrangements. 
Simple sheet metal construction is all that 
is required. Pumps, gears and auxiliaries can 
be installed outside, utilizing one supporting 
wall as a firewall. 


Reguire sinple, 
low cost buildings 


Remorse Cohtro/ Many Nordberg Pipe Line Engines are oper- 


ating in automatic, unattended, remote con- 


Push -Button’ operarion trolled stations. 






































. li Nordberg Pipe Line Engines are noted for 
Hi. 19. A 7 her inal e7) 47 c/en CY high thermal efficiencies and, consequently, 


low fuel costs. You are also your own “‘cus- 


—/ow fuel COST tomer” when you use your own fuel. 


To offset higher initial costs of engine sta- 


= tions, Nordberg engines, pumps and all other 
Lease-rent for mechanical equipment can be lease-rented. 


iintnediare payour In fact, this method provides the lowest 
initial cost of any pipe line pumping ar- 


rangement. 
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For constant and instant communication—with 

personnel or plant equipment—over any dis- 

tances, modern low-cost ITT Kellogg microwave 

systems offer. advantages no ordinary or 

expensive wire-line system can match! Trouble- 

free microwave communication stations span your 

points of operation from end to end, keep your 

entire organization in instant, uninterrupted touch. 

Costly breakdowns in communications (due to bad weather, 

broken lines, power failures) never again hamper your operations. 


Certain channels of your microwave system can be adapted to perform important tele- 
metering and remote control functions over equipment great distances away. Other channels 
can be assigned to data transmission, still others to voice transmission. Multiple frequency 
voice channels mean as many as ninety of your key men can, if necessary, be in personal 
communication—all at the same time! 


Private microwave systems, pioneered by International Telephone and Telegraph, are 
today being employed by many of America’s leading companies in the fields of oil, gas, 
railroading, trucking and other fields requiring constant communication over far-flung 
systems of operation. 


An ITT Kellogg communications consultant will be glad to explain microwave to you in 
detail. Simply write: 


KELLOGG 


A Division of 
International Telephone & Telegraph Corporation 
6650 South Cicero Avenue, Chicago 38, Ill. 


Telephone and Transmission Dept. 
2912 Wake Forest Road, Raleigh, N. C. 


Regional Offices and Warehouses. 
CALIFORNIA: 23 Broderick Road Bur 
GEORGIA: 1594 Southland Circle 
INDIANA, = Ave 

tOWA: | 111 East River ve 
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NEW YORK: 327 North West Street. Syr 
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TEXAS: 1359 Motor St alias 7. Te 
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(b) The fatigue limit for repeated 
flexural loads can be as low as 33 per- 
cent of the ultimate strength. In addi- 
tion, all other stresses are seriously 
affected by fatigue. Because of this ef- 
fect, a structure subjected to the stead- 
ily applied dynamic load can not be 
safely designed using the static load 
only. Usually a design load is called 
an “equivaleit static” load and the fol- 
iowing formulas are used to determine 
its magnitude: 


P = P..v.u. or M = M,.v.u. 


Where u is the coefficient of fatigue 
3; v is the dynamic coefficient and 
may be determined from the formula 


Vv : _, where n is one of the 
n* — n,,” 
computed frequencies and n,, = rpm 
or double rpm, a critical speed with 
unbalanced forces or couples; P, is an 
unbalanced force and M, is an unbal- 
anced couple. Usually v is between | 
and 5 (v 1 is minimum); v is greater 
if a machine is closer to resonance. 
The minimum equivalent static load 
is 3 P, or 3 M,. The maximum equiva- 
lent static load is usually 15 P, or 
15 M,. The reinforcing steel and con- 
crete sections are sometimes designed 
differently in various directions, be- 
cause of different dynamic coefficients. 
it is always important to determine 
which unbalanced force or couple will 
produce a stress and how far the cor- 
responding natural frequency will be 
from the critical speed. This is not ap- 
plicable to all dynamic problems. 
Hammer foundations, for instance, 
should be designed for a much larger 
static equivalent force, as was indicated 
above. If the machine is balanced and 
only the weight has to be used for de- 
sign of the bottom slab, the static load 
should be multiplied by a fatigue factor 
of 3. 


Some General Rules 

There are also some general rules 
that seem to be applicable for many 
types of foundations. 


(1) The entire foundation bearing 
surface should be at one elevation. 
Steps at the support level are undesir- 
able and should be avoided. 


(2) The unit foundation support 
level should be at least 2 ft 6 in. below 
the basement floor levels or any 
trenches that are adjacent to the unit. 
his criteria may be reduced to a mini- 
mum of 18 in. for smaller units. 

(3) If the supporting material is 
solid rock, the bearing surface should 
be covered with a 12-in. layer of sand, 
which will act as a cushion. 


(4) A foundation should have suffi- 
cient weight to resist the unbalanced 
forces of the machine. The weight of 
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the foundation usually is several times 
the weight of the machine. 

(5) If piling is used, the lateral 
forces may be resisted effectively by 
providing a certain number of batter 
piles. 

(6) If concrete piles are used, it is 
often necessary to reinforce the upper 
portion with vertical bars and with 
spirals. The top of the pile should pro- 
ject into the engine foundation block 
or base a minimum of 6 in. The verti- 
cal reinforcing bars of some piles 
should also extend into the foundation 
base. 


(7) It is desirable that the entire 
foundation block be constructed in one 
continuous pour. If the foundation re- 
quires a base slab, it should have a 
minimum thickness of | ft 6 in. for 
smaller units and 2 ft for larger units, 
and should have proper keyways with 
vertical reinforcing dowels provided. 


(8) Concrete cantilevered floor slab 
sections should not be permitted above 
the base slab and brackets are also un- 
desirable. 


(9) All surfaces, including those 
around cutouts, depressions, trenches, 
and voids should be reinforced. The 
surface mat reinforcement should be 
continuous around all corners. 


(10) The minimum reinforcement 
for any major surface should be No. 5 
at 12 in. even though the design indi- 
cates less. Reinforcing bars should be 
lapped 30 diameters. 


(11) Equipment foundations should 
be isolated from the building by use of 
a 1-in. isolation joint. Only very small 
machines can be placed on the building 
floor and these require special precau- 
tions. 


(12) If springs are selected to sup- 
port the foundation block, they must 
rest on a thick reinforced concrete slab 
to allow convenient access and main- 
tenance. Because springs may transmit 
sound, a layer of felt or lead should be 
placed between the foundation and the 
springs. The use of rubber is objec- 
tionable because it deteriorates rapidly. 


(13) Considering all above factors, 
apply the rules of structural mechanics 
and reinforced concrete for design of 
the foundation block. 


(14) Any important changes in the 
foundation shape because of the struc- 
tural design have to be referred back 
to the dynamic investigation. 


(15) If an analytical design is not 
conclusive, then it is advisable to de- 
sign a foundation block in such a man- 
ner that will permit some weight re- 
adjustments. The readjustment may be 
accomplished by having the bottom 


slab extend beyond the main founda- 
tion block. Sometimes larger cavities 
in the main foundation block also may 
be considered. The dynamic stability 
can then be checked experimentally 
while the generating unit is operating 
by placing bagged sand at various 
points around the unit on the base slab 
extension or in the cavities. When the 
optimum dynamic conditions are 
found, the sand can be replaced with 
equivalent mass concrete anchored by 
keyways and bars to the main founda- 
tion block and base slab extension. It 
is still advisable to observe the overall 
center of gravity requirement. It can 
not be expected, however, that such a 
procedure will change materially all 
natural frequencies of the system. In 
some cases, it may help substantially 
to avoid a sharp resonance condition. 


Summary 

In our time we are experiencing an 
immense growth in the science investi- 
gating vibration problems. Only 20 
years ago, the subject of dynamics con- 
stituted one or two chapters in a struc- 
tural analysis textbook. Today, it is 
probably a larger field than structural 
mechanics itself. The field of applica- 
tion for dynamic investigations is very 
large: Airplanes, missiles, rockets, ma- 
chinery, long bridges, and other struc- 
tures. 

Dynamic problems in the structural 
field that generally can be analyzed to- 
day by a consulting engineering office 
are: 


1. Dynamics of structural members. 


2. Equipment foundations. 


3. An analysis of entire buildings 
accommodating a large number 
of small machinery. 


4. Long bridges. 


The design of equipment founda- 
tions already is 25 years old. Many 
problems in the United States and 
abroad have been solved successfully 
by dynamic and structural investiga- 
tions. The obtained results always have 
to be compared with previously built 
and successfully operating installations 
of a similar natvre. Differences can be 
evaluated by experienced designers. 

Because the dynamic properties of 
the soil 2:e important in the analysis 
of the foi ndation, future research on 
dynamics of soil may improve the re- 
sults and decrease the number of ap- 
proximations used today. The coopera- 
tion of equipment manufacturers and 
mechanical coordination engineers also 
is vital. Equipment has to be explained 
in detail and the mechanical layout of 
installations should be flexible enough 
to permit changes in the shape of the 
foundation. 
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Hey POINTS are carefully formulated 

of High Alloy Nickel Steel, hammer 
PAT. NO. forged fof greater density and uniform® 
2807105 grain flow. 


Then heat treated in electronically con- 
trolled hydrogen atmosphere furnaces, 
Creating extreme hardness and resist- 
ance to high impact. 


SEE YOUR Higy veneer 
; — TOOTH COMPANY 
Hy has a point for every type of digging job, Hy 1540 SOUTH GREENWOOD AVENUE 


and for every make and model of digging equipment. MONTEBELLO, CALIFORNIA 
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M. H. Raven (right), Superintendent of > 
Northern Natural Gas Company's 
underground storage compressor station 
near Redfield, lowa, until his recent 
promotion, discusses the facts with 
H. E. Hansen, Shift Engineer. Com- 
pressor in foreground is GMWA-8, 
rated 2000 hp. Another similar unit is 

in the background. 


Cooper-Bessemer En-Tronic control 
provides complete start-stop, lo. ling 
unloading automation for the engine 
driven compressor. 


How a rugged two-cycle 
compressor aids a variable-load 
gas storage program 
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During its first year’s operation, Redfield Station of BRANCH OFFICES: Grove City + New York + Washington 

‘ _ , or : Gloucester + Pittsburgh « Chicago « Minneapolis « St. Louis « Kansas 
Northern Natural Gas Company has been put through City - Tulsa - New Orleans . Shreveport - Houston + Greggton “Dallas 
e ie -” nei g on ra a Odessa + Pampa + Casper + Seattle - San Francisco + Los Angeles 
oe ah ee According to = Ht. Raven, — SUBSIDIARIES: Cooper-Bessemer of Canada, Ltd. ... Edmonton 
tendent, “Our Cooper-Bessemer GMWA-8 Compressor Calgary + Toronto + Halifax + Stratford 


and En-Tronic Control have responded round-the-clock C-B Southern, Inc. . . . Houston ee Pe 
. . . . Cooper-Bessemer International Corp.... New York + Caracas +» Anaco 
) orogram of normal loading, lerloz y and 
to this program of normal loading, underloading anc Cooper-Bessemer, S.A....Chur, Switzerland + The Hague, Netherlands 


overloading with remarkable performance. Despite Mexico City 
abnormal loading, oil consumption and water usage The Rotor Tool Company . . . Cleveland 
have been very low. Inspection and cleaning after 
12,000 hours showed all parts in perfect condition. It 
is a rugged machine!” 
Call our nearest office for help in applying this 
kind of dependability and load flexibility to your 
compressor operations. GENERAL OFFICES: MOUNT VERNON, OHIO 


EMGINES: GAS - DIESEL - GAS. OFESEL 
COMPRESSORS: RECIPROCATING ANDO CENTRIFUGAL 
ENGINE TURBINE O8 MOTOR DRIVEN 
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wrapping of 

mill coated pipe 

is easy, fast and sure 

with Arno Pipe-Wrap Tape. 

Its inert polyethylene backing is 
moisture proof, non-conductive and 
resistant to soil acids and alkalis. Tough 

and stretchy. High-tack adhesive. Write 

for information and free test sample. 
ARNO ADHESIVE TAPES, INC. 


Dr. Scholl's Adhesive Tape Division 
5120 Ohio Street, Michigan City, Indi 
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BROADER 
ORIZONS... 


the North 
American Pipe Line System Construc- 


The workof Burden in 


tion field is well known. With the 
broadening of the world petroleum and 
gas industry Burden has been actively 
engaged in work abroad and is now in 
position to contract for work anywhere. 


0. R. BURDEN CONSTRUCTION CORP. 
PIPELINE CONSTRUCTION AND RECONDITIONING 


FoRILLNG REFINERY, CHEMICAL PLANT AND MIS- 
SILE BASE CONSTRUCTION THROUGH WHOLLY 
OWNED OR AFFILIATED COMPANIES. 


P. 0. BOX 5216/TEmple 8-3378/ TULSA, OKLAHOMA 
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The basic problem is a structural 
one, however, and the structural engi- 
neer should not expect anyone else to 
solve the problem for him. 

The problems are often complex, 
but in the majority of cases, 2 solution 
can be found by using the proper ap- 
proach. 


Historical Review and 
Bibliography 

Dynamic analysis of equipment 
foundations was initiated in Germany. 
In 1922-23, Dr. J. Geiger published his 
first important findings concerning the 
vibrations of rigid frames. 

In the 1920's, also in Germany, 
Ehlers, Kayser, Troche, Prager, and 
Rausch, using general dynamic theo- 
ries supplemented by field experience, 
presented to the engineers several im- 
portant publications. In the 1930's, 
Prof. E. Rausch published his “Mas- 
chinenfundamente,” in which he pre- 
sented his entire theory on the design 
of various types of equipment founda- 
tions. This was an enormous contribu- 
tion to the problem, and today he is 
generally recognized as the founder of 
the design theory for equipment foun- 
dations. 

Based essentially on the German 
school also, Prof. C. Klos in Poland al- 
ready in the beginning of the 1930's 
was successfully designing many foun- 
dations. In 1949 he published his com- 
prehensive book. 

In the 1940’s and 1950's, Czechoslo- 
vakian (Kolousek) and in Soviet 
science Barkan, Savinov, Pavluk made 
new contributions to this subject. 

In the U. S., numerous excellent 
theoretical works by Prof. Timoshenko, 
Den Hartog, and others have been pub- 
lished. Those works have been utilized 
as basic science and have contributed 
much to the problem of the equipment 
foundations. 

Also in this country, General Elec- 
tric Company has published many 
sketches of successfully built turbine 
generator foundations that also pro- 
vide practical help and guidance. Some 
less extensive information also has been 
published by other companies. 

The dynamic research of soils needed 
for equipment foundation design was 
also initiated in the 1930’s in Germany 
by Hertwig, Fruch, and Lorenz. In 
Russia, in the 1930's, Barkan conducted 
several experiments. In England, ex- 
periments were performed by Crochett 
and Hammond. In the 1950's we know 
about research in Germany being con- 
ducted by Prof. Lorenz, in the U. S. by 
Prof. Tschebotarioff, and in Russia by 
QO. A. Savinov. 

Accompanying is a listing of tech- 
nical literature that is quite useful in 
the design equipment foundations. 


FOR FURTHER INFORMATION ON 
DOVERTISED PRODUCTS, SEE READER SERVICE CARD 


Technical Literature 


i. “Die Berechnung der Schwingungen von 
Turbinenfundamenten,” by G. Ehlers Weyss and 
Freytag Festschrift, Germany 1925, (German) 
Page 160. 

2. “Uber Fundamentschwingungen Theoreti- 
sche Betrachtungen and Versuche,” Zeitschrift 
des Ver. D. Ing., 1929, (German). 

8. “Resonanzberechnung von Trager and 
Rahmen nach der Arbeitsgleichung,”’ by Troche, 
“Beton and Eisen,” Germany 1930, (German). 

4. “Horizontale Eigenschwingungen von Tur- 
binenfundamenten bei Berucksichtigung der 
gegenseitigen Beeinflussung der Querrahmen,” 
by Spilker, Bauingenieur 1930, (in German). 

5. “Dynamik der Stabwerke,” by Prager, 
Springer Ver!., Berlin, 1933, (in German). 


6. “Die Ermittelung der fur das Bauwesen 
Wichtigsten Eigenschaften des Bodens durch 
erwqungene Schwingungen,” by Hertwig, Fruh, 
Lorenz Berlin, Springer Ver., 1933, (German). 

7. “Maschinenfundamente and andere dyna- 
mische Bauaufgaben,” by E. Rausch Rerlin VDT 
Verlag, 1936, 1948, (in German). 

8. Fundamenty pod Szybkobiezne Maszyny Ze 
Specjalnem Uwzzl. pod Turbogeneratory,” by 
Dr. Czeslaw Klos, Warszawa, Poland, 1937, Wy- 
danie Gazety Cukrowniczej, (in Polish). 

9. “Mechanical Vibrations,” by L. P. Den 
Hartog, 1947. 


10. ““Theoretical Soil Mechanics,”” by K. Ter- 
zaghi. John Wiley & Sons, 1948. 


11. “Dinamika osnovanii i fundamentov,” by 
D. Barkan, Moscow 1948, (in Russian). 


12. “Elements of Mechanical Vibrations,” by 
C. Freeberg and E. Kemler. John Wiley & Sons, 
1948. 

13. “Fundamenty pod maszyny,” by Dr. Czes- 
law Klos, Warszawa, Poland, 1949, (in Polish). 


14. “Turbine Generator Foundations,” by 
General Electric Company. 


15. “Principles of Foundation Design for En- 
gines and Compressors,” by r. K. Newcomb 
Trans. of ASME vol., 73 for 1951. 


16. “Baudynamik der Durchlauftrager and 
Rahmen,.” by Kolousek, 1953. Fachbuchverlag 
GMBH Leipzing, (in German). (Same book may 
be bought in original Czech language under the 
title “Stavebna dynamika Spojitych Nosniku a 
ramovych Soustav.”’) 


17. “Symposium of Dynamic Testing of 
Soils,” ASTM Special Techn. Publication No. 
156 

18. “Soil Mechanic Foundations and Earth 
Structure,” by G. P. Tshebotarioff, 1955. 


19. “Dinamitsheski Rastshet nes. Konstruk- 
cyj zdanij,” by E. S. Sorokin. Moscow, 1956, 
(in Russian). 


20. “Sound Diesel Generator Unit Founda- 
tions,” by D. Nesterenko and R. T. Potthoff 
Industry Power, May 1957. 

21. “Compressor and Engine Foundations,” 
by W. J. Blessing, Worthington Company. 


22. “Stutzkonstruktionen Fur Rotierende 
Maschinen,” (in German), Din. 4024 1955. 

23. “Die Schraubenfedern,” by W. A. Wolf, 
1950, (in German). 


24. “Berechnung and Gestalltung V. Gum- 
mifedern,” by E. F. Gobel, 1955, (in German) 

25. “Dinamitscheskaja Ustojtshevost Upru- 
gich System,” by V. V. Bolotin, Moscow, 1956, 
(in Russian). 

26. ““Voprosy Mechaniki Gruntov,” by O. A 
Savinov, 1953, (in Russian) 


Note: 

Some of these publications are partially 
superseded because of the advance of the sc‘ence 
Generally, all are helpful in studying the prob- 
lems of the equipment foundations. References, 
in general, provide the following information 

1-4. First known publications, basic ideas of 
design first formulated. 

5-8 and 13. Presentation of design procedure 
for various types of equipment foundations based 
on Dagebo 1936 research. No. 6 data of “‘Da- 
gebo" research 

9, 10, 12, 18. 
new ideas 


Basic Science. No present 


11, 16. Design theory, foundations and stru 

tural elements. 
14, 15, 20, 21, 22. Practical approach t 

design problems. 

17, 26. New research, dynamic tcsting of soil 


19. Design of the buildings with vibrating 
machinery 


tubber and spring supports 
. Dynamic stability of elastic systems and 
framed structures. 


5 have not yet been reviewed by our 


company. k** 
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Wey mouth 


Has Limitations 


if you are sizing pipelines, either by “long-hand" method or by 


computer programming, here are some facts you should know 


R.H. Parekh, Consulting Chemical Engineer 


THIS article points out limitations of Weymouth Gas Flow 
Formula by analyzing it from basic engineering principles. 
Weymouth Formula has been widely used, both by “long- 
hand method” and by computer programming’ for sizing 
of single-phase gas gathering and transmission pipelines. 

On the basis of discussion presented in this article, it is 
found that use of Weymouth Formula for all types of gas 
flow conditions is fundamentally incorrect. For gas flow 
conditions of low Reynolds’ Number (1 x 10* and less) a 
gas gathering pipeline system sized by using the Weymouth 
Formula generally will be undersized. For gas flow condi- 
tions of high Reynolds’ Number (1 x 10% and higher) in 
general the gas gathering pipeline system sized by Weymouth 
Formula will be oversized. 

It is hoped that this discussion will be of use and interest 
to those engineers who are engaged in process design and 
evaluation of gas gathering pipeline systems by using the 
Weymouth Formula. It is also hoped that it will enable 
them to decide whether the use of the Weymouth Formula 
for a given set of gas flow conditions will provide an answer 
of required engineering accuracy. 


Basic Gas Flow Formula 
The Basic Formula for the flow of single phase gas 
through pipelines is: 


(P,? — P,*)(d)* ]"* 


sTLfZ @) 


, Te 
Qn =K 5 


‘A. E. Hass and J. B. Benear, Oil and Gas Journal, May 13, 1957. 


R. H. Parekh, chernical engineer- 
ing consultant in Dalias, Texas, 
is a native of Bombay, India, and 
is now a U. S. citizen. He holds 
a master’s degree in chemical en- 
gineering from Massachusetts 
Institute of Technology and a 
bachelor’s degree in chemistry 
from the University of Bombay. 
He is a registered professional 
engineer in chemical, petroleum, 
and natural gas engineering for 
the State of Texas. His industrial experience as a practicing 
chemical engineer includes nearly 18 years in the natural gas 
department of Magnolia Petroleum Company, which re- 
cently merged into Mobil Oil Company. Prior to this he 
served for a year in the refinery research department of 
Bahrein Petroleum Company, Ltd., on the Persian Gulf. 
He is a member of the American listitute of Technology and 
the American Chemical Society. 
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= volumetric flow by Basic Formula, cu ft of gas per 
hr at pressure and temperature bases of P,, and T, 
temperature basis defining a cu ft of gas, deg F 
absolute 
pressure basis defining a cu ft of gas, psia 
constant 1.6156 
inlet pressure, psia 
, == Outlet pressure, psia 
= inside diameter of pipe, in. 
specific gravity of gas (air = 1.0) 
- temperature of flowing gas, deg F absolute 
= length of pipe, miles 
-= friction factor 
Z = compressibility factor 


To simplify the application of the Basic Formula, it 
has been modified into a number of formulas, which can 
be classified in two general categories. In the first category, 
the Basic Formula is modified by assigning a constant value 
to the coefficient of friction. In the second, the coefficient 
of friction is expressed as some function of the pipe 
diameter. 

The Weymouth Formula, which is widely known and is 
quite frequently used in the natural gas pipeline design, 
belongs to the second category. 


Weymouth Gas Flow Formula 
The Weymouth Formula, when volumetric flow is on an 

hourly basis and is applicable to a pressure base of 14.4 

psia, a temperature base and flowing temperature of 60 F 

and specific gravity of 0.60, can be expressed as follows: 

P2—Pp2]|% 
Q,, = 36.926 ‘— (d)* . (2) 
. LZ 

Where: 

Q, = volumetric flow by Weymouth Formula, cu ft per hr 
The other nomenclature is the same as in Equation 1. 
For the flow conditions the same as in the standard Wey- 

mouth Formula, the Basic Formula becomes as follows: 


P,? — P,? |% 
= 3.3036 | — 2 5/2 
Qn itz cap". . . @) 


By dividing the Basic Formula (3) by the Weymouth 
Formula (2), it is found that: 
0.008 
‘Weymouth oe 
(d)? 

This means that the friction factor term included in the 
Weymouth Formula is equal to 0.008 divided by the cube 
root of pipe inside diameter in inches. 

Continued on page D-54 
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TEXANS SAV... 


..- it gets so hot in Texas that pipeliners just butt the pipe 
together and it welds itself. Or so they say. 

The photo above was shot on a “cool” day in southwestern Texas. It was 
only 104°, not quite hot enough for “‘sun-welding.”” But the welders had the 
next best thing—easy-working Bethlehem electric resistance-weld pipe. It 
always takes a good weld. And it’s made good and round, and with the proper 
bevel so that it will line up quickly. 

ERW pipe in lengths up to 62 ft . . . sizes 5-9/16 to 16 in. OD 

We make ERW line pipe in 62-ft lengths and in sizes from 5-9/16 to 16 in. 
OD. Meets API 5L, Grades A or B, or API SLX, Grades X42, X46, or X52 
specifications. Just like our continuous buttweld line pipe, it’s made at our 
Sparrows Point, Md., plant, from where we ship it all over the world. 


BETHLEHEM STEEL 








it gets hot in Pa., too! The scene above is southeastern Penn- 
sylvania in mid-summer, and the day was a real sizzler. The crew welding this 
Bethlehem 36-in. pipe appreciated even the scant shade of an umbrella. 
EFW pipe in sizes 18 to 42 in. OD 

Bethlehem makes electric fusion-weld, expanded line pipe from 18 in. up to 


42-in. OD. What’s more, we can make it with 34-ir_ walls. 

We make large-OD, high-test line pipe in 40-ft. lengths, meeting all applicable 
API standards and lined at the mill if desired. We can also produce fabricated 
pipe to the above sizes using high-strength, alloy steel to achieve the desired 
physical properties with relatively thin walls. Substantial savings are possible. 

For good, sound line pipe for any kind of pipeline, check with Bethlehem. 
Our nearest sales office can give you all the details. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, 


Export Sales: Bethlehem Stee/ Export Corporation 
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for Strength 


Economy 
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For a given inside diameter of pipe, the friction factor 
term as included in the Weymouth Formula has only ONE 
value. The value of the friction factor term used in the 
Weymouth Formula decreases as the inside pipe diameter 
increases. A sample list of friction factor values for various 
sizes of pipeline as included in the Weymouth Formula is 
given in Table 1. 


Friction Factor Values in Weymouth Formula. 
Inside *Corres- 
Pipe Outside diameter 0.008 __——s_ ponding 
size, diameter, (d), (d)1/3~—s- Reynolds’ 
in. in. in. (d‘/3) ‘Weymouth Number 
2 2.375 2.067 1.274 0.0063 3.4(10)* 
2% 2.875 2.469 1.352 0.0059 4.5(10)* 
3.500 3.068 1.453 0.0055 6.6(10)* 

4.000 3.548 1.525 0.0053 

4.500 4.026 1.591 0.0050 

5.563 5.047 1.716 0.0047 

6.625 6.065 1.824 0.0044 

8.625 8.071 2.006 0.0040 

10.750 10.192 2.169 0.0037 

12.750 12.000 2.289 0.0035 

14.000 13.250 2.366 0.0034 

16.000 15.250 2.480 0.0032 

18.000 17.182 2.580 0.0031 

20.000 19.182 2.677 0.0030 

22.000 21.125 2.764 0.0029 

24.000 23.125 2.849 0.0028 

26.000 25.125 2.929 0.0027 

28.000 27.125 3.005 0.0027 

30.000 29.125 3.077 0.0026 





i <4 od gat et At dt 


*These values are obtained from Fig. 1. 


Friction factor values have been correlated by experi- 
mental work as a function of Reynolds’ Number: 


G 
Reynolds’ Number =. aia wate | ae ke) Ae 


i 


Where: 
D = inside diameter of pipe, ft 


G = mass flow rate of gas, lb per hr per sq ft 


wu = viscosity of gas, lb per hr per ft 


Fig. 1 presents a plot of friction factor vs Reynolds’ 
Number for different sizes of steel pipe. From Fig. 1, it is 
evident that for different types of gas flow (expressed in 
terms of Reynolds’ Number) in a given inside diameter 
of pipeline, the friction factor value does vary. It is not of 
a constant value. This is the reason why the use of Wey- 
mouth Formula for all types of gas flow condition is funda- 
mentally incorrect. 

A comparison between Table | and Fig. 1 reveals that 
for laminar gas flow (Reynolds’ Number up to 2000) criti- 
cal zone, (Reynolds’ Number 2000 to 4000) and transition 
zone (Reynolds’ Number 4000 to 10,000) the values of 
friction are greater than any of those used in the Weymouth 
Formula for pipe sizes of 2 in. ID and larger. 

For gas flow conditions of low Reynolds’ Number 
(1 x 10* and less) in general, one can say that the gas 
gathering system pipeline sized by using the Weymouth 
Formula will be undersized. 

For gas flow conditions of high Reynolds’ Number, 
(1 x 10° and larger) in general, the gas gathering system 
pipeline sized by using the Weymouth Formula will be 
oversized. 

It will therefore require good engineering judgment to 
decide for a given set of conditions, whether the Weymouth 
Formula should be used or should not be used in order 
to obtain an answer within the desired engineering accuracy. 

x*** 
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311 E. Third St. 


B 
BEAVER 


Throughout history, Na- 

ture’s most effective 

beveling machine was a 

furry little animal called 

the beaver. Unfortunately 

for him, through the years 

jobs came up that were be- 

yond his power (beavers have 

proved highly ineffective on steel 

pipe). Today, the beaver has 

been retired to the forest because 

H&M now covers the beveling 
market. There are seven standard H&M 
models, designed to cut and bevel any 
size pipe from 1% inches through 36 
inches. H& M's Out-of-Round attachment, 
which fits all H & M machines, makes it pos- 
sible to cut irregular shaped pipe accurately 
and has eliminated costly, inaccurate cuts. 
The H&M Shape Cutter fabricates tees, els, 


* saddles and other irregular shapes quickly 


and accurately. The H&M “BEVEL-LAND” 
Grinder smooths and cleans pipe cuts and 
bevels in a matter of seconds. Retire your 
beaver to the forest — not only does the 

H & M line do the finest job possible, 

but it doesn’t have to be fed 

another saving passed 
on to you). 


LUther 3-0241 
TULSA, OKLAHOMA 


FOR FURTHER INFORMATION ON D 55 
ADVERTISED PRODUCTS. SEE READER SERVICE CARD 
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Suspension bridge carries 13 pipelines, transporting crude oil from produc- 
ing fields on left bank of the Danube River to refinery on the right bank. 


AUSTRIA’S UNUSUAL BRIDGE 


ALFRED FYAK, Chief Engineer, Waagner-Biro AG 


AT ALBERN, a small town near 
Vienna, Austria, the public is showing 
great curiosity and interest in a newly- 
constructed bridge across the Danube 
River. It isn’t an ordinary bridge used 
for traffic, however, and therein lies 
the explanation for the attention it is 
getting. Rather, the bridge is a struc- 
ture to carry pipelines—13 of them— 
something unfamiliar to most laymen. 
And, as can be seen from the accom- 
panying photograph, it is an unusual 
looking structure even for a pipeline 
suspension bridge. 

The pipelines belong to the Austrian 
Mireral Oil Authority, and transpert 
crude from producing fields on the left 
bank of the Danube to the Central Re- 
finery Schwechat on the right bank. 

These are the design details of the 
bridge: 

The center opening spanning the 
river is 260 m (852.8 ft) long, con- 
tinued by two side spans of 115 m 
(377.2 ft) length each. The pier on the 
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left river bank for the Y-shaped pylon 
is placed on an accretion at a distance 
of 100 m (328 ft) from the bank line. 
Its foundation level is 4 m (13.12 ft) 
below mean water level. The pylon on 
the right bank is anchored on the in- 
nundation field. The pylon tops reach a 
height of 44.5 m (145.96 ft) above the 
ground level. 

The two heavy anchor blocks placed 
500 m (1640 ft) apart serve for an- 
choring the suspension and bracing 
cables. Both kinds of cables are of the 
sealed type, have a breaking strength 
of about 412 tons each, and a thickness 
of approximately 63 mm (2.457 in.). 

The 13 pipelines, of nominal diam- 
eter of 100-300 mm (3.9-11.7 in.) are 
partly heat-insulated, and can move 
freely lengthwise within a supporting 
framework suspended on cables. Be- 
tween the pipes a gangway is provided 
to allow the necessary maintenance and 
control of all pipelines. 

Site work of the bridge was begun in 


November *959 by excavating the 
foundation holes and making a dummy 
island for the main pier. An access road 
free at mean water level was built for 
transportation of material and ma- 
chines. On March 1, 1960, after com- 
pletion of all concrete bodies for the 
anchor blocks, erection of the pylons 
was started. 

The heavy suspension and bracing 
cables were spanned across the Danube 
during stoppages of river traffic by 
using barges anchored in the river bed, 
and by aid of an auxiliary rope. The 
stress in the cables was controlled in 
such manner that the cables between 
the bearing points on the barges were 
not allowed to reach the water level. 
After both ends were fastened on the 
anchor blocks, the cable was lifted to 
the top of the pylon by means of a pul- 
ley block. 

The entire erection of the bridge was 
carried out without scaffolding so that 
river traffic was not hindered. * * * 
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FroWay Cose-Coupled Pump Gives Rugged 
Service for Premier Oil Company, Ranger, Texas 


Regardless of the fluid to be pumped or the requirements of the installation, FloWay engi- 
neers provide pumps of the type, materials, capacity, and power to do the job efficiently. 
The Premier Oil Company selected a FloWay pump for a vital pipe line booster installation, 
shown above. 


Specifications: FloWay 10-stage VCI can-type pump with inverted bowls for crude oil of .9 
specific gravity, pumping 300 GPM at 380 PSIG at 3500 RPM. 8MKM bow! assemblies, 
12 in. x 9 ft. can, 6 in. x 5 in. x 20 in. VCI discharge head assembly, motor stand, John 
Crane mechanical seal, spacer-type coupling for vertical adjustment. Sold by Livingston 
Machinery Sales, Dallas, Texas. 


When you need a pump for critical industrial pumping, you're always safe when you choose 
FloWay. Expert design, precision manufacturing, highest quality materials, and thorough 
testing insure top performance for every pumping need of industry. Call on FloWay for pumping. 
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This month construction is sched- 
uled to begin on a 285-mile, $22,000,- 
000 products pipeline system to serve 
the Chicago-Milwaukee-Green Bay 
areas. 

Interstate Oil Pipe Line Company, 
one of the 10 company-organizers of 
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e Owner Companies 


the new West Shore Pipe Line Com- 
pany, will supervise. 

Initial capacity of the system will be 
85,000 bbl per day. The main line from 
Chicago to Milwaukee and a lateral to 
Jones Island will be 16-in. diam. A 
10-in. trunk line will be laid northward 
from Milwaukee to Green Bay. 


Mountain Fuel Seeks 
Okay on 103-Mile Line 


Mountain Fuel Supply Company 
and Utah Natural Gas Company have 
jointly applied to the Utah Public Serv- 
ice Commission for approval to pipe 
newly developed gas supplies from the 
Uintah Basin to Mountain Fuel’s Utah 
market area. 

Mountain Fuel would construct a 
20-in., 103-mile pipeline from the Uin- 
tah Basin to a juncture with Utah 
Natural’s present 18-in. Clear Creek- 
Orem pipeline, with costs and owner- 
ship to be shared equally by the two 
companies; and would purchase 50 per- 
cent interest in the 18-in. and 100 
percent interest in tools and equipment 
necessary to operate it. 

Mountain Fuel also would lease 
Utah Natural’s remaining 50 percent 
in the 18-in., as well as its undivided 
50 percent interest in the proposed 
line. 


New Company Plans 
216-Mile Gas Line 

Humble Oil & Refining Company 
has joined in the formation of Mont- 
erey Gas Transmission Company which 
will purchase Humble’s present 238- 
mile King Ranch-Clear Lake line and 
construct a new 30-in. to Alexandria, 
Louisiana. It will tie in with the Colum- 
bia Gulf Transmission Company sys- 
tem for transport to the consuming 
area of Columbia Gulf’s parent, 
Columbia Gas System, Inc. 

Monterey ultimately will transport 
more than 700,000,000 cu ft a day 
from Southwest Texas to Alexandria 
for sale to United Fuel Gas Company, 
another Columbia Gas subsidiary, 
which will enter into a long-term con- 
tract to purchase the gas. Humble’s 
sale of in place gas to Monterey will be 
6.2 trillion cu ft. 


It is hoped that deliveries may begin 
November 1, 1962. 

Initial shareholders of Monterey are 
Humble and Lehman Brothers. John R. 
McMillan, former executive vice presi- 
dent of Monterey Oil Company, will 
head the new pipeline company. 


Intrastate Gas Line 
Application Amended 

Colorado Gas Transmission Com- 
pany, Colorado Springs, has amended 
its application to the Colorado Public 
Utilities Commission, eliminating 
Pueblo and Colorado Springs as distri- 
bution points. 

Gas supply, as originally planned, 
will be from the Ignacio-Blanco area 
in La Plata and Archuleta counties, 
with the pipeline laid from a point in 
La Plata County to Climax, Lake 
County. 

Cémmunities to the supplied are: 
Pagosa Springs, Alamosa, Del Norte, 
Monte Vista, La Jara, Sanford, Man- 
assa, Romeo, Antonito, Center, Sag- 
uache, Salida, Buena Vista, Leadville, 
and Climax. 

A total of 311 miles of pipeline 
would be involved, as follows: 106 
miles of 12-in., 12 miles of 8-in., 131 
miles of 6-in., 7 miles of 4-in., 51 
miles of 3-in., and 4 miles of 2-in. 

Cost of the project is placed at 
$7,000,000. 


SEC REPORT 


$112,241,000 Construction Pro- 
gram. Columbia Gas System, Inc., pro- 
poses to issue and sell $60,000,000 
worth of unsecured notes to a group of 
commercial banks and advance the 
funds on open accounts to subsidiaries 
for purchase of inventory gas for stor- 
age. The 1961 construction program 
of 14 subsidiaries is to be financed in 
part from internal sources and the 
balance through issuance and sale of 
stock and installment notes to Colum- 
bia Gas in amounts aggregating 
$4,607,540 and $52,925,000 respec- 
tively. In a separate application, the 
firm proposes sale of $30,000,000 of 
debentures due 1986 and indicates that 
$20,000,000 additional financing will 
be required later in 1961. 


To Finance $70,000,000 Construc- 
tion. Consolidated Natural Gas Com- 
pany seeks registration of $40,000,000 
of debentured due 1986, net proceeds 
of which are to be added to treasury 
funds and used to prepay a 4 percent 
construction bank loan of $30,000,000 
made in 1956 and maturing in July, 
1961; and to finance, in part, 1961 
construction estimated at $70,000,000. 
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Transcontinental Gas Pipe Line Corp., 
Houston, Tex. CP 61-283, filed May 1. 

Construction: 59.42 miles of 24-in. 
between Luzerne and Lycoming coun- 
ties, Pennsylvania, including single 
crossing of Susquehanna River; addi- 
tional 2000 hp at station 505, Somerset 
County, New Jersey; same at station 
520; new intermediate 10,000 hp at 
station 515; and main line piping and 
dwellings. 

Cost: $14,350,000 total includes: 
24-in. pipe and installation, $3,121,497 
and $1,985,962; river crossing, $180,- 
000; other materials and installation, 
$501,795 and $237,018; right-of-way, 
$152,112; surveys and engineering, 
$221,34 At stations: materials, 
$4,142,500; installations, $1,946,800; 
frame dwellings, $54,000; engineering 
and supervision, $8200; main line pipe, 
$140,000. 


CP 61-284, filed May 1, 1961. 

Description: Joint application with 
United Natural Gas Company to con- 
vert for storage Wharton gas field, 
Potter and Cameron counties, Penn- 
sylvania. 

Construction: |0-mile, 24-in. pipe- 
line from end of Leidy line to new 
pool; meter, regulating, and compres- 
sor station in Potter County; dehy- 
dration plant; and dwellings. 

Cost: Transco’s share — $11,657,- 
000 of $23,894,000 total. For 10-mile 
line: pipe, $501,072; installation, 
$382,800; other materials and installa- 
tion, $112,445 and $57,584; rights-of- 
way, $25,600; survey and field 
engineering, $37,250. At stations and 
plant: piping, $1,916,800; land in fee, 
$22,000; yard improvements, $78,500; 
engineering and supervision, $178,000; 
meter building, $10,000; measuring 
and regulating equipment, $58,500; 
compressor units, $1,090,000; electri- 
cal, $330,000; structures, $211,000; 
concrete, $275,000; other equipment, 
$472,500; contractor overhead, 
$507,000; communications, $60,000; 
dehydration building and equipment, 
$228,500; dwellings, $143,500. 


Arkansas Louisiana Gas Co., Shreve- 
port, Louisiana, CP 61-277, filed April 
21. 

Construction: 425-hp compressor 
and measuring and regulating facilities 
in Grant County, Arkansas and mea- 
suring and regulating facilities in Har- 
rison County, Texas, for sale of gas to 
Texas Eastern Transmission Corp. 

Cost: $187,965 as follows: compres- 
sor facilities, $156,300; communication 
facilities, $9050; sites, $1500; meter 
and regulator facilities, $18,700; instal- 
lation of taps, $2415. 
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The three barges at work in mid-river 


S$ 9m COATED AND 
WRAPPED PIPE CHOSEN FOR 
RIVER CROSSING 


The Mississippi River Transmission Corp. recently laid two 12%” 
O.D. pipelines across the Mississippi River just above the Chain 
of Rocks Bridge at St. Louis. Standard Pipeprotection’s coated 
and wrapped pipe was selected for this important job. 


Count on SPI c/w pipe for long lasting pipe protection. 


Lowering-in from pneumatic 
tire cradle 


Placing front length 
of pipe in position 
on pneumatic 

tire cradles 


® 


standard pipeprotection inc. 
3000 SOUTH BRENTWOOD BLVD. « ST. LOUIS 17, MISSOURI 


FOR FURTHER INFORMATION ON D 59 
ADVERTISED PRODUCTS. SEE READER SERVICE CARE 7 





the line of MOST RESISTANCE 


. 
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@ Midwestern’s line of corrosion-resistant products 
offers you the most completely engineered materials 
in the pipe line industry. Every Midwestern product is 
backed by years of successful performance under the 
toughest field conditions. The Midwestern Line includes 
KERMAC outerwrap ... KEYSTONE asbestos feit 
KAPCO rock shield . . . COROMAT under- 
ground wrap .. . GLASFAB handwrap.. . and 
POLYKEN tape coatings. | Midwestern’s sales repre- 


sentatives are your line of most assistance in providing 
the materials you require for solving your particular 
pipe corrosion problems. Through long experience, they 
are thoroughly qualified to meet your needs, regard- 
less of the application specified. Cali your nearest 
Midwestern representative TODAY . he’ll respond 


quickly —and at your convenience! 


branch offices 
¢ Durham, N. C 


* Houston, Tex 


MIDWESTERN 


PIPE LINE PRODUCTS CO. 


4645 Southwest Blvd. Tulse, Oklo 
Cable Address i | Pipe 


* Chicago, ! 


Hi 6-6144 


FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS, SEE READER SERVICE CARD 








Cities Service Gas Co., Oklahoma City, 
Oklahoma, CP 61-263, filed Avril 10. 

Construction: 23 miles of 16-in. 
from a point on existing Oklahoma 
City 20-in. main line in Noble County 
to connect with 12-in. delivery line of 
Uklahoma Natural Gas Gathering Cor- 
poration in Garfield County. 

Cost: $850,000 as follows: materials, 
$533,000; labor, $5000; contract work, 
$210,000; right-of-way, $22,000; trans- 
portation and rental, $3000; supervi- 
sion and engineering, $15,000; 
warehouse and records, $5000; insur- 
ance, $10,000; interest, $10,000; con- 
tingencies, $37,000. 

Iroquois Gas Corp., Buffaio, New 
York, CP 61-276, filed April 19. 

Construction: 14.3 miles of 4, 6, 8, 
and 12-in. gathering and well lines in 
a new storage area, “Perrysburg,” to 
be developed in Cattaraugus County, 
New York, plus 5.5 miles of 12-in. 
delivery line and 660-hp addition to 
Nashville compressor station. 

Cost: $355,000 for the gathering and 
well lines, which includes: right-of- 
way, $2000; damages, $4500; survey, 
$4500; materials, $192,000; labor, 
$140,000; engineering, $12,000. $228,- 
000 for the delivery line as follows: 
right-of-way, $2000; damages, $3000; 
survey, $1000; materials, $140,000; 
labor, $78,000; engineering, $4000. 
Additional hp, $275,060 as follows: 
materials, $150,000; labor, $116,800; 
engineering, $8000; survey, $200. 


Tennessee Gas Transmission Co., 
Houston, Texas, CP 61-264, filed 
April 10. 

Construction: 11.80 miles in off- 
shore Louisiana, from terminus of 
2.10-mile pipe (construction certificate 
requested, Docket No. G-14562) in 
East Cameron to a point offshore in 
West Cameron, to receive gas from 
Tenneco Corporation. 

Cost: $1,320,000 which includes: 
$257,300 for 62,000 ft of 12%-in. by 
.312 wt pipe and $1600 for 304 ft of 
12%4-in. by .406 ft pipe; $195,500 for 
other materials and their installation; 
$611,900 for right-of-way, survey and 
installation; $23,600 for engineering 
and inspection; $120,400 for contin- 
gencies; and $109,100 for overhead. 
CP 61-270, filed April 14, 1961. 

Construction: 8.3 miles of 20-in. off- 
shore West Cameron, Louisiana, to 
exchange gas with Superior Oil Com- 
pany. 

Cost: $1,597,000 as follows: pipe 
$376,000; installation, $438,200; plat- 
form installation, $105,000; other 
materials, $315,900; other installations, 
$50,000; rights-of-way and damages, 
$14,000; engineering and inspection, 
$20,800; overhead, $132,000; contin- 
gencies, $145,100. 
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New York State Natural Gas Corp., 
Pittsburgh, Pennsylvania, CP 61-285, 
filed April 28, 1961. 

Construction: In 1961, 11 miles of 
30-in. from Borger station in Tompkins 
County, New York, to a point in Madi- 
son County; and supercharging by 
200 hp five existing compressors at 
Sabinsville, Tioga County, Pennsyl- 
vania, station. In 1962, 17.3 miles of 
30-in. from terminus of above, easterly 
and parallel to line No. 30. In 1963, 
10.2 miles of 30-in. easterly from ter- 
minus of 17.3-mile line; and 7.6 miles 
of 16-in. to connect eastern terminus of 
line No. 30 in Albany County, New 
York, and line No. 542 in Rensselaer 
County. 

Cost: $1,896,300 in 1961; $2,623,- 
700 in 1962; and $2,199,110 in 1963. 


Mississippi River Transmission Corp., 
St. Louis, Missouri, CP 61-274, filed 
April 19, 1961. 

Construction: Gathering system to 
connect an authorized pipeline with 
existing and proposed wells near St. 
Jacob, Madison County, Illinois; also 
compressor station, metering and con- 
trol station, wellhead facilities, roads, 
equipment, and offices. 


Cost: $395,000. This includes: 


$56,000 for 3000 ft of 6.625-in. pipe, 
1700 ft of 
$166, 000 for 550-hp com- 


All You Want In A Small Ditcher 


3300 ft of 4.5-in., and 
8. 625-in.; 





From Argentina comes word that 
Yacimientos Petroliferos Fiscales 
(YPF) is preparing to invite tenders 
for construction of the previously- 
announced products pipeline from 
Mendoza to Buenos Aires. Further 
information is available from YPF, 
Buenos Aires. 











pressor station; $63,000 for measuring 
and control station; $13,000 for well 
head facilities; $11,000 for roads; $50,- 
000 for equipment and offices; $18,000 
for contingencies; $10,000 for engi- 
neering; and $8000 for interest. 
El Paso Natural Gas Co., El Paso, 
Texas, CP 61-265, filed April 11, 1961. 
Construction: 11.5 miles of 442-in. 
in Lipscomb County, Texas; high pres- 
sure well ties and measuring facilities; 
and line tap, piping, measuring and 
regulating facilities where El Paso’s 
line intersects Transwestern Pipeline in 
Beaver County, Oklahoma — to imple- 
ment exchange of natural gas with 
Transwestern Pipeline Company. 
Cost: $303,804.05, of which $87,936 
will be spent by Transwestern for facili- 
ties (to be applied for separately) to 
connect jointly-owned wells in its 
gathering system. El Paso Natural’s 
share is $183,500; its prorated share 
of previously constructed facilities, 
$32,368.05. 


Vermeer Model W-3 


POW-R-DITCHER 


FAST! RUGGED! HYDRAULIC! 


Digs 3” to 12” Widths 


Equipped with 18 hp. engine, 
the rugged Model W-3 POW-R- 
DITCHER is ideal for contrac- 
tors, municipalities, utilities 
and custom operators. Rubber- 
tired wheels or crawler tracks. 
Hydraulic drive system — no 
shifting. .2-way dirt conveyor. 
Ask for a demonstration. 





Please send me FREE information and prices on the complete Vermeer line of self- 


propelled POW-R-DITCHERS. 
NAME 

FIRM 

ADDRESS 

CITY 


(J Also include information on new Vermeer hydraulic back filler. 


STATE 


=e Sl Nema Si ii lemere) iF hd 


1443 W. WASHINGION ® 
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PELLA, IOWA 


FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS, SEE READER SERVICE CARD 








HLEEFTeLINE 


WELDING FITTINGS 


LITERATURE 
BY AIR MAIL... 


... ask for it now. 


REDUCERS: Concentric and eccen- 
tric. Nominal pipe sizes 1” to 30”, 
ASA B16.9, ASTM A234. Schedules 
10 to 160, stainless steel, and other 
alloys. Special lengths and sizes, 


OF 


SADDLES: Conventional, and for 
pressure vessel heads. Nozzle sizes 
from 4" to 24”. Fleet-Line saddles 
weld neatly into place in much less 


time, and with much less welding 
rod. 


a Dat 


Full encirclement saddles. 


* 


REDUCING TEES, Forged Steel 
Manifold Type. 


Dealers and Stocking Distributors 
throughout the United States and 
Canada. 


All orders acknowledged by air 
mail or long distance telephone and 
filled at once. 


STEEL FORGINGS, Inc. 


P. O. Box 276A * Shreveport, La. 
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With the 





PIPELINE CONTRACTORS 


@ Alberta Consolidated Pipe Line Builders. 

Alberta Gas Trunk Line Company, Ltd. 

113 miles of 36-in. from Priddis, Al- 
berta, to a point near Rocky Mountain 
House, and 64 miles of 16-in. from the 
main line near Waterton Park gas field to 
the Montana border near Carway. Alberta 
Consolidated is a joint venture of Mannix 
Company, Ltd., and Piggott Construc- 
tion, Ltd., both of Calgary; Banister 
Construction Company, Ltd., Edmonton; 
and Marine Pipeline and Dredging, Ltd., 
Vancouver 


@ Banister Construction Co. Ltd., 625 North- 
ern Hardware Bidg., Edmonton, Alberta, 
Canada. 

Trans-Prairie Pipe Lines Ltd.—160-mile 
crude oil system in northeastern British 
Columbia, as follows: 40 miles of 4-in., 
faylor to Dawson Creek; 30 miles of 
6-in., Boundary Lake to Taylor; 75 miles 
of 8-in., Taylor to Milligan Creek field; 
11 miles of 4-in., Milligan Creek to West 
Beaton field; 2 miles of 8-in., Taylor sta- 
tion to tank car loading rack; and 2 miles 
of 4-in., Taylor station to McMahon re- 
finery. Crews are presently laying 8-in. 
pipe, under the supervision of Bill 
Bartlett 


@ Brodie Construction Co., 
rillo, Texas. 


Box 2646, Ama- 


Northern Natural Gas Co.—176 miles 
of 2 through 8-in. in Iowa. 


@ O. R. Burden Construction Corp., Box 5216, 
Tulsa, Oklahoma. 

Alamo Gas Supply Co. — 291 miles of 
14 through 24-in. in southwest Texas to 
supply gas to San Antonio, Texas. 


@ Canadian-Parkhill Pipe Stringing Ltd., 164 
Eglinton Ave., E., Toronto, Ontario, Canada. 

Alberta Gas Trunk Line Co., Ltd. — 
under subcontract from Dutton-Williams 
Bros., 20 miles of 22-in. and 62 miles of 
30-in. from Windfall to Lovett River; 
under subcontract from Majestic Contrac- 
tors Ltd., 63 miles of 30-in. and 38 miles 
of 22-in. from Lovett River to Rocky Mt. 
House, and 1i3 miles of 36-in. from west 
of Calgary to the British Columbia bor- 
der; and under subcontract from Piggott 
Construction Ltd., 64 miles of 16-in. from 
the southend lateral to the Montana bor- 
der. Field office: Calgary. Curtis Williams 
is general superintendent, Wes Strangh is 
office manager. 


@ Davis Construction Co., 709 N. Broadway, 
Cleveland, Oklahoma. 

Northern Naiurai Gas Co. — 116 miles 
of 2 through 8-in. in Minnesota. 


NEW!. 


@ Dutton-Williams Brothers, Ltd., North Cana- 
dian Oil Building, Calgary, Canada. 

Alberta Gas Trunk Line Company, Ltd. 
—62 miles of 30-in. from West Cynthia to 
West Whitecourt, Alberta, and 20 miles 
of 22-in. lateral from this main line to the 
Whitecourt field. Harland Evens is project 
manager. 


@ R. H. Fulton & Co., Box 1526, Lubbock, 
Texas. 

Continental Pipe Line Co.—550 miles 
of 2. 3, 4, 6, and 8-in. in Montana and 
Wyoming. 

Northern Natural Gas Co. — 428 miles 
of 2 through 10-in. in Iowa. 


@ Groninger & King, Inc., Box 1381, Pampa, 
Texas. 

Northern Natural Gas Co.—15 miles 
of 4 through 10-in. gathering lines in 
Spearman, Texas, Beaver, Oklahoma, and 
Ashland, Kansas, areas. W. G. Puckett is 
supervising at Spearman and Frank Kelp 
at Beaver. 


@ Hall Construction Co., 1105 N. Carlton, 
Liberal, Kansas. 

Panhandle Eastern Pipe Line Co.—a 
330-mile, 4 through 12-in. gathering sys- 
tem in western Kansas. Supervising are 
Mike Bell and M. E. Banning. 


@ Harbert Construction Corp., Drawer 75, 
Birmi gh " Alab 

Northern Natural Gas Co. — 138 miles 
of 2 through 8-in. lateral lines in Minne- 
sota. Field office: Pine Island. Superinten- 
dent: Jay Cundiff. 





MODEL NO. 3-SA 
CUTS 14” 
TO 20” PIPE 


FEATURING 
BALANCED RING 
GEAR-SADDLE 
ASSEMBLY ! 


LIGHTER WEIGHT! 
EASIER T0 USE ! 


MOUNTS AND CUTS ON SHORT LENGTHS OF PIPE! 


@ More rugged this new 
design produces a more stable 
ring gear assembly, which is 
less likely to spring or warp. 


PATENT 
APPLIED FOR 


ee et ee ee el 


Lbs IMASTIC 
ex 


IPELINE FELT, PADDING 
& GLASS PIPE wrap ys 


“rt 


@ It’s extremely lightweight. 
@ It’s easier to handle and oper- 
ate with the new balanced de- 

a semis sign. 

@ Requires only % the storage 
space of competitive pipe bev- 
eling machines. 

@ Can be operated on shorter 
lengths of pipe for seating the 
machine and cutting, making it 
more versatile. 


PB EATEN pee: 


HOT & COLD APPLIED COATINGS cal 


@ Retains extreme accuracy of 
cuts, which all Mathey Pipe 
Beveling Machines are noted 
for. 


 TAPBCOAT! 


ty PIPE JOINT PROTECTION — 


®@ Available in all sizes, from No. 
1 to No. 5 machines. 


Call or Write for Further Information or Demonstration . 


COMPANY 


MACHINE WORKS, INC. 


Tulsa, Okla. @ Box 1159 @ LUther 7-3311 


M&M BUILDING + HOUSTON + CA 2-2207 


a101 1038 4th Street+ Gretna, Lo. « FOrest 1-186! 212 S. Frankfort 


FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS. SEE READER SERVICE CARD 
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@ Houston Contracting Co., 2807 Buffalo 
Speedway, Houston 6, Texas. 

Tennessee Gas Pipeline Co. — turbine 
installation at Leeville, Louisiana, com- 
pressor station. Headquarters: Golden 
Meadows. Sam Downing is superintendent 
and B. C. Sweeney, field office manager. 


@ Latex Constuction Co. of Ga., Box 11668, 
Atlanta 5, Georgia. 


Plantation Pipe Line Co.— recondi- 
tioning 65 miles of 10-in. loops between 
Winder, Georgia, and Greensboro, North 
Carolina. Field office: Statham, Georgia. 
Superintendent: Glenn Matlock. 


@ Majestic Contractors Lid., 49 Jackes Ave., 
Toronto 7, Ontario, Canada. 

Alberta Gas Trunk Line Co., Ltd.—113 
miles of 36-in. from west of Calgary to 
the British Columbia border; and 63 miles 
of 30-in. and 38 miles of 22-in. from Lov- 
ett River to Rocky Mt. House to Cynthia, 
Alberta. Project office for the 36-in. line is 
in Blairmore, Alberta, with R. L. Leonard 
as superintendent. Rocky Mountain 
House, Alberta, is site of project office for 
22 and 30-in. lines and K. B. Killings- 
worth is superintendent. 


@ McDace, Ltd., 69 Holborn Ave., London, 
Ontario, Canada. 

Union Gas Co. of Canada, Ltd. — 87 
miles of 2 through 8-in. in southwestern 
Ontario Province. Personnel: Harold 
Ellis, William Gillan, Ron Banns, J. 
Stewart, R. Taylor, S. Elder, J. Daamen, 
D. Briggs, O. DesJardine, B. Burwell, R. 
Hickson, and R. Keast. 


@ J. P. Neill and Company, Meadows Build- 
ing, Dallas, Texas. 

Pacific Gas Transmission Company — 
468 miles of 36-in. from California- 
Oregon boundary to Rosalia, Washington, 
as joint venture with Western Pipeline, 
Inc., Austin, Texas. Hermiston, Oregon, 
is field office now for a 153-mile, 36-in. 
segment from Hermiston to Rosalia, 
Washington. Jack Hays is superintendent, 
and Glen Goyne is office manager. 


@ Oklahoma Pipe Line Constructors, 6612 
Harry Hines Bivd., Dallas, Texas. 

Portland Pipe Line Corp. — taking up, 
reconditioning, and relaying a 50-mile, 
18-in. crude line in Maine and Vermont. 
South Paris, Maine, is location of field 
office. Superintendents are Leman Creech 
and Guy Craft. e- 


@ H. C. Price Co., Price Tower, Bartlesville, 
Oklahoma. 

Pacific Gas & Electric Co. — 296 miles 
of 36-in. to the Oregon border from the 
San Francisco Bay area. Superintendent: 
R. L. Ezell. Office Manager: Bob Walker 
at McArthur, California. 

Pacific Gas Transmission Company— 
146 miles of 36-in. from Rosalia, Wash- 
ington, to the Idaho-British Columbia 
border. Superintendent: G. A. Reutzel. 
Office manager: E. Dickson at Veradale, 
Washington. 

Texas Eastern Transmission Corp. — 
26 miles of 30 through 36-in. in New 
Jersey from near Lambertville to New 
Brunswick, with Elwood Roth supervis- 
ing. Nick Beffer is office manager at 
Flemington. 








Moving 
to a New Address? 


misdirected. 


TO: The Pipeline Engineer 
P.O. Box 1589 e 


If you are moving or expect possibly to 
move any time soon, save the coupon 
below for your convenient change of 
address. It will prevent your copy of The 
Petroleum Engineer from being lost or 


Dallas 21, Texas 
CHANGE MY ADDRESS, beginning with the 
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FOR FURTHER INFORMATION ON 


SKINNER-SEAL 
PIPE JOINT 
CLAMP 
STOPS LEAKS 


it joInt wnere pipe Is 


SYolg-tWA-i° Miah coMminadiil> 


SKINNER-SEAL 

PIPE JOINT CLAMP stops 

leaks at joints where 

pipe is screwed into fit- 

ting. Any temperature— 

any pressure up to 2,000 pounds. 
Saves the cost of tearing out and 
renewing leaky fittings. Prevents 
shutdowns. In stock at most oil 
supply stores. 


SKINNER -SEAL 
EMERGENCY PIPE CLAMPS for safe, 
sure, lasting repair of splits and 
rust holes in pipe. No pressure too 
high. Anyone can apply in a few 
moments. Made in all sizes, 2” to 
12?’ for steel and C.1. pipe. Stocked 
by practically all oil supply stores. 


Complete line of 
Repair Clamps. 
Send for Catalog 54! 


M. B. SKINNER CO. 


SOUTH BEND 21, INDIANA 


ADVERTISED PRODUCTS. SEE READER SERVICE CARD 








THT HT 


WHITE-SUPERIOR 200/1000 BHP COMPRESSORS 
offer broad flexibility for gas company applications. 
They are specifically engineered for direct drive combi- 
nation with medium speed Superior gas engines or 
electric motors and provide optimum combinations of 
piston speed, horsepower and service life. 

Two, four and six-cylinder models offer cylinder 
sizes from 4000 psi, 258” dia. to 85 psi, 2242” dia. 


(White ) 


FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS, SEE READER SERVICE CARD 


providing 68 different standard cylinders. Custom sizes 
and designs are available. 

These continuous, heavy-duty units also provide 
wide speed range, manual or fully automated station 
operation, and they can be block mounted or skidded 
and unitized to facilitate moves for service changes. Get 
complete information now . . . write for Bulletin 124. 
White Diesel Engine Division, Springfield, Ohio. 


Wr ui te Pie 4C l 
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@ Price-Poole of Canada, Lid., Box 969, Cran- 
brook, B. C., Canada. 


Alberta Natural Gas Company — 107 
miles of 36-in. from Crowsnest Pass to the 
Idaho boundary at Kingsgate-Eastport. 
Joint venture of H. C. Price Company of 
Canada, Ltd., Calgary, and Poole Con- 
struction Company, Ltd., Edmonton. C. E. 
Shivel is superintendent, and Wayne 
McKnight is office manager at Cranbrook, 


@ R. E. Revtzel Co., Inc., Box 727, Fremont, 
Nebraska. 

Northern Natural Gas Co. — 116 miles 
of 2 through 8-in. ia South Dakota. Har- 
old Holmes is superintendent and R. E. 
Whitworth is office manager. 


@ River Construction Corp., Box 9127, Ft. 
Worth 7, Texas. 

Service Pipe Line Co. — 60 miles of 12- 
in. loops on the LaPlata. Missouri — 
Wood River, Illinois, trunk line. Head- 
quarters: LaPlata and Bowling Green, 
Missouri. Superintendent: T. M. Tatom. 

Natural Gas Pipeline Co. of America 
— Station piping revisions at Truro and 
Harper stations in Iowa, and Geneseo in 
Illinois. 


@ Shamrock Construction Co., Box 1177, 
Lansing, Michigan. 

Northern Natural Gas Co. — 130 miles 
of 2 through 8-in. laterals in Iowa. 


floatation problems... 


Use the Chance Field Service Plan... the surest, easiest, most 


reliable, and least expensive way to anchor pi 
Anchors and tie-down 


costs about 85% by using Chance Screw 


brackets. And, you can have the whole project engineered, in- 


counter weighting. 


By making soil test probes, Chance engineers can tell you where 


@ Shamrock Constructors, Inc., Box 505, 
Dodge City, Kansas. 

Mustang Fuel Corp.——77 miles of 
12-in. gathering lines in Canadian, Dewey, 
and Blaine counties, Oklahoma. Head 
quarters: El Reno 


@ Sheehan Pipe Line Construction Co., 514 
National Bank of Tulsa Bidg., Tulsa, Okla- 
homa. 

Transwestern Pipeline Co.—has 
underway an additional 100 miles on the 
4, 6, 8, 10, and 12-in. gathering system 
in Oklahoma, Texas, and New Mexico. 


@ Stanley-Bledsoe Corp., 612 Daniel Bidg., 
Tulsa 3, Oklahoma. 

Pacific Gas Transmission Co.—double- 
jointing and yard-treating 466 miles of 
36-in. pipe in three schedules in Klamath, 
Jefferson, Umatilla, and Gilliam counties, 
Oregon, and Walla Walla and Whitman 
counties, Washington. Superintendent: W 
D. Smith, Jr. , 


@ Turriff-Burdeh, Ltd., Turriff Bldg., Great 
West Rd., Brentford, Middlesex, England. 

Iraq Petroleum Co. Ltd—315 miles of 
30 and 32-in. pipeline from Kirkuk to the 
Syrian border, connecting Rumaila and 
Fao. M. T. Wilhite is project manager in 
Baghdad, Iraq. Field construction super- 
intendent is G. E. Beaver, assistant man- 
ager is P. A. McCormack, and office 
manager is Brian H. Lusk. 


@ Western Pipeline, inc., 311 East 1ith 
Street, Austin, Texas. 

Pacific Gas Transmission Company 
468 miles of 36-in. from California 
Oregon boundary to Rosalia, Washington 
as joint venture with J. P. Neill and Com 
pany, Inc., Dallas, Texas. J. C. Oliver is 
project manager. Johnnie Wells is super 
intendent on a 150-mile segment between 
Malin and Bend, Oregon; and Ervin Simp 
son is superintendent on 150 miles between 
Bend and north of lone, Oregon 


@ J. O. (Red) Willett Pipe Line Stringing 
Corp., Box 2836, Monroe, Lovisiana. 

United Gas Pipe Line Co. — unloading 
51 miles of pipe at Tioga, Louisiana; 60 
miles at Loreauville, Louisiana; and 59 
miles at Columbia, Louisiana 


@ Williams Bros. Co., National Bank of Tulsa 
Bidg., Tulsa, Oklahoma 

National Iranian Oil Co. a 516 mile, 
8-in. petroleum products line in Iran from 
Rey, near Tehran, northeast to Meshed 

Bataafse Petroleum Maatschappij, N.V 
—a 157-mile, 20-in. pipeline in Indonesia 
Field office: Balikpapan. Superintendent 
J. Childress. 

Niederoesterreichische Gasvertriebs 
AG (NIOGAS) 47 miles of 8 through 
10-in. in Austria. headquarters: Herzog 
enberg. Superintendent: W. Tierney 


@ H. B. Zachry Co., Box 10188, San An- 
tonio 21, Texas. 

United Gas Pipe Line Co a 22-mile 
24-in. between Harris and Ft. Bend 
counties, Texas 


Flow Measuring System—Mode! 257 


MEETS THE DEMAND FOR 
ACCURATE FLOW MEASUREMENT 
AND/OR CONTROL 


lines. You'll cut 


@ Gas or liquid 
Steady or intermittent flow 
Wide range 


Accessories to make permanent record 


& 
+ 
stalled, and tested by qualified technicians at far less cost than @ Direct reading of volumes 
“ 
. 


anchors should be 


1311 Polk Ave. 
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usec, the sizes needed, and the proper depth. 
To learn how you can get the whole anchoring job done quickly, 
easily, inexpensively——send or call for this booklet. 


Petroleum Equipment Engineering And Services Division Of 


A.B. CHANCE CO. th» Houston 2, Tex. 


Phone: CApitol 8-2777 
INTERNATIONAL DIVISION © CENTRALIA, M0. U.S.A. 


FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS, SEE READER SERVICE CARI 


Low installation cost, low operating cost 
@ Plug-in components 


To improve accuracy, to simplify operations, to lower costs, 
with high performance orifice flow measuring systems, contact 


COMPUTERS, INCORPORATED 
3407 South Shepherd Drive «+ 


Houston 6, Texas 
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News of 


PIPELINERS 


> Herbert E. Fisher, president of Pipe 
Line Technologists, has been selected 
“Boss of the Year” by the Houston chap- 
ter, National Secretaries Association. His 
secretary is Mrs. Viola Cudd. Fisher also 
is president of Kaneb Pipe Line Company. 





> Brian Hunsaker has been made a vice 
president and director of the Southwest 
trucking .ompany, Hunsaker Trucking 
Contractor, Inc., which operates in a 14- 
State area. 


CONVERT YOUR 
RECORDERS 10 
DIAL-0- GRAPH 
AUTOMATIC 
CHART CHANGERS 


> Pipeliners appointed to membership on 
the National Petroleum Council’s com- 
mittee on oil and gas transportation facili- 
ties, of which Monroe E. Spaght, president 
of Shell Oi! Company, is chairman, are: 
Orville S. Carpenter, president, Texas 
Eastern Transmission Corporation; 
George R. Copeland, president, Algon- 
quin Gas Transmission Company; Paui 
Kayser, board chairman, El Paso Natural 
Gas Company; Ed Parkes, president, 
United Gas Corporation; and Charles E. 
Spahr, president, The Standard Oil Com- 
pany (Ohio). 


> Eugene H. Trust, field employee rela- 
tions advisor for Interstate Oil Pipe Line 
Company, has retired after 40 years of 
service. 


...OAVE TIME MONEY, 
GET BETTER RECORDS 


With Dial-O-Graph, you can fully automate your recorders so 


that they will operate completely unattended . . 


for hours, or weeks 


. day and night... 


with the charts changed automatically. 


Recorders in an entire plant or system can be synchronized so that 


the charts change at exactly the same time 


an advantage vir- 


tually impossible with manual chart-changing. Personnel problems 
are reduced, recording data is more accurate and reliable, and 


accounting records are better. 


Dial-O-Graph adapts to any make, model, or type of recorder. 
Any standard circular chart can be used, modified only with a 
single slot in the center, the same slot pattern for all instruments 
and all change times. Charts are group-loaded on the chart plate, 
as many as 50 at a time if desired. Dial-O-Graph charts stack, 


handle, and integrate as usual. 


Long used by most major gas companies, Dial-O-Graph is the 
field-proven, better way to change charts. The fastest, most effi- 
cient, and dependable chart changer available, you get more value 
and more features in Dial-O-Graph than in any other method. 

Whether you have one or one hundred recorders, Dial-O-Graph 
is worth your investigation. Write for illustrated literature and a 
list of users in your area. There’s no obligation, of course. 


MULLINS 


\ 


Cu. Dial-O-Graph 


AR) 


WE x a 
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AUTOMATIC CHART CHANGER 


MULLINS MFG. CO., INC. © 3311 WEST DAVIS © DALLAS II, TEXAS 


FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS. SEE READER SERVICE CARD 





> New executive vice president and man- 
ager of the South Texas natural gas pipe- 
line operations of Gulf Resources, Inc., is 
Bob J. Beard. Also general manager of 
Jonnell Gas Company, Beard joined Gulf 
Resources after occupying engineering 
and management positions with Delhi- 
Taylor Oil Corporation, Delhi Pipeline 
Corporation, and Natural Gas Gathering 
Company, Inc. 


B. J. Beard C. T. Carter 


> Charles T. Carter has been elected vice 
president of Sinclair Pipe Line Company. 
He also will continue as director of engi- 
neering and as a director of the company. 


> The Houston Corporation has promoted 
Eldon Rolfe from chief engineer for 
Houston Texas Gas and Oil Corporation 
to general superintendent of pipelines for 
Coastal Transmission Corporation and 
Houston Texas Gas and Oil Corporation, 
replacing S. L. Windham who has been 
appointed general manager of distribu- 
tion properties for The Houston Corpora- 
tion. Jim Hoss, chief engineer for Coastal 
Transmission, is now chief engineer for 
Houston Texas Gas and Oil Corporation, 
as well. Talmadge Day, chief accountant 
for Coastal, has assumed responsibilities 
of internal auditor for The Houston Cor- 
poration and its subsidiaries. 


> Transcontinental Gas Pipe Line Corpo- 
ration has elected to its board of directors 
James B. Henderson, who has been 
Transco’s vice president and general coun- 
sel for 12 years and will now serve in the 
dual capacity of both director and officer, 
and Donald Russell, an attorney and 
former president of the University of 
South Carolina. 


>» Walter G. Horstman, Plantation Pipe 
Line Company's vice president-operations 
has retired after 38 years in the petroleum 
industry. Operational activities of the 
company are now under James A. Hat- 
field, general superintendent. Horstman 
joined Plantation as division superinten- 
dent in Baton Rouge, Louisiana, in 1941, 
became general superintendent in 1946, 
and vice president-operations in 1952. 


> R. A. “Rudy” Hamill has been pro- 
moted from chief gager to supervisor of 
scheduling and measurement for Service 
Pipe Line Company; K. K. King from act- 
ing chief oil dispatcher to scheduling 
supervisor; and R. E. Boyle from assistant 
chief gager to measurement supervisor. 


> Remick McDowell, recently elected 
chairman of The Peoples Gas Light and 
Coke Company, has been elected board 
chairman of a number of subsidiaries of 
the company, including Natural Gas Pipe- 
line Company of America and Natural 
Gas Storage Company of Illinois. He re- 
places Eskil I. Bjork who remains a direc- 
tor. 
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News of 





PIPELINE SUPPLIERS 


American Systems Incorporated, Schlum- 
berger Well Surveying Corporation af- 
filiate, has acquired all inventories, con- 
tracts, and patents as well as development, 
manufacturing, and marketing rights, of 
the instrument division of Micro-Path, 
Inc. All personnel of the division are now 
with ASI, and activities will be conducted 
in Hawthorne, California. The company 
also has established seven operating divi- 
sions, some of which previously existed 
as laboratories, and named a director for 
each. They are: instrument division, Louis 
M. Ballard; component development, Ber- 
nard Diener; instructron, William Wagen- 
seil; information sciences, Dr. Robert E. 
Fagen; electromagnetic systems, M. Don- 
ald Adcock; command and control, John 
W. Bozeman; and research laboratories 
division, Arthur W. Vance. Also, Kent D. 
Broadbent has been appointed director of 
the solid state laboratory within the re- 
search laboratories. 


The Burgess-Manning Company has 
formed a subsidiary, Burgess-Manning 
International S.A., which will function in 
France and western Europe under the 
direction of Jean B. Dumon at 77 Rue de 
La Boetie, Paris 8, France. President S. 
G. Paddock of the Burgess-Manning Com- 
pany also is a director of the new sub- 
sidiary. 


Taylor Instrument Mexico, S.A., has been 
established less than six miles from Mex- 
ico City to do some local manufacturing 
and handle instrument assembly and 
repair. General manager of this newest 
Taylor Instrument Companies’ subsidiary 
is Edward J. Hanna. Taylor operation in 
Mexico previously was handled by Mart- 
inez S. de R.L. Personnel from this organ- 
ization will continue to handle sales in 
Mexico. 


Zagst, Inc., 7125 Navigation Boulevard, 
Houston, Texas, has been appointed to 
provide sales, parts, and service for the 
full line of Caterpillar Tractor Company 
diesel and natural gas engines. 


Appointments and Promotions 


Collins Radio Co. — Edward A. Williams, 
vice president, operations control, form- 
erly controller of Collins’ Cedar Rapids 
division. 


Daystrom, Inc., control systems div. — 
Douglas M. Pogue, chief systems analyst, 
gas and oil, formerly Creole Petroleum 
Corporation petroleum engineer; and 
Robert Hooper, systems engineering co- 
ordinator in the Houston, Texas, office, 
formerly with Fluor Corporation, Ltd. 


The Garrett Corp.’s AiResearch Mfg. div. 
— James T. Shore from sales engineer 
in the Fort Worth, Texas, office to the 
newly-created post of program manager 
for industrial gas turbines. 


Walworth Co.—Michael C. Malloy, west- 
ern divisional sales manager, lubricated 
plug valve division, Houston, Texas. 
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Two plastic products manufacturers — 
Kraloy Plastic Pipe Company and Chem- 
trol— have been combined. The new 
organization, Kraloy-Chemtrol Company, 
will remain a subsidiary of Rexall Drug 
and Chemical Company. 


Marketing of products of the protective 
coating division of Pittsburgh Chemical 
Company has been organized into two 
sections — one for industrial coatings and 
the other for pipeline coatings. 


TOG 


Tel 


New distributor of Worthington Corpora- 
tion air cooled and water cooled com- 
pressors in Santa Clara, Santa Cruz, Mont 
erey, and San Benito counties, California, 
is Eastman Equipment Company, 87! 
Park Avenue, San Jose. 


Pipe Linings, Inc., American Pipe and 
Construction Company subsidiary, plans 
a 23-acre plant at Milpitas, California, 
to apply corrosion protection linings and 
coatings, including Somastic coating, coal 
tar and asphalt wraps, and the company’s 
new cement mortar coating, Extrude. Cen 
trifugally-applied cement mortar linings 
also will be available. Superintendent will 
be Fred K. Coleman, who has been super 
vising company activities in Chile. 


mR POR GOOD 


Reilly Coal Tar Enamels and related primers, used together, provide 
the corrosion protection needed by underground metal structures. 


The Reilly hot enamel system is: 


electrically insulated 
waterproof 

oilproof 
bacteriaproof 


oxidationproof 
stressproof 

tough and strong 
permanently bonded 


In addition, Reilly coating systems offer ultimate longevity because 
they inherit the chemical inertness and stability of coal tar, from 


which they are made. 


Specify Reilly hot-applied coal tar enamels and related primers 


for oil, gas and water pipelines. 
REILLY ENAMEL AND PRIMER 


Reilly Pipeline Enamel 
Reilly Intermediate Enamel 
Reilly 230-A Enamel 

Reilly 230 AWWA Enamel 


Reilly Hot Service Enamel 


Reilly Pipeline Primer 
Reilly QD Primer 

Reilly 230 X-10 Primer 
Reilly 230 X-10 Primer 


Reilly 230 X-10 Primer 


Reilly 
Redhead 
( Primer 


REILLY TAR & CHEMICAL CORP. 


1615 MERCHANTS BANK BUILDING, INDIANAPOLIS 4, INDIANA 


FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS, SEE READER SERVICE CARD 





ive-PIPE LOCA TOR 
FIELD PROVED 


the award winning 
Sogn almaster™ 
TRANSISTORIZED 


PIPE LOCATOR 
MODEL TR-1A 


Utility and Construction Companies, Munici- 
palities are unanimous in agreeing that 
MODEL TR-1A has proved most effective for 
locating mains, services, vaives, conduit, high 
voltage lines, telephone cables. Easily sepa- 
rates parallel lines and can be used to trace 
non-metallic pipe lines. Complete piping sys- 
tems traced out. 


SPECIFICATIONS: Size of cases when clamped 
together: 912” x 12%” x 5%” © Size of trans- 
mitter and receiver boxes, each: 9142” x 1242” x 
ETCHED CIRCUITRY 2%" © Operating weight, transmitter: 4% Ibs. « 
Operating weight, receiver: 4% Ibs. © Circuit: 
foal Transmitter—one transistor, Receiver—six tran- 

sistors ¢ Batteries: Transmitter—4 size C flash- 
light cells, Receiver—4 size C flashlight cells « 
Switching: a. Automatic power switching for all 
“‘on-handie” operations. b. Automatic ‘turn-off’ 
when set is not being usec. 

















ENCAPSULATED PARTS 





fers f # @ 








y 1540 W. Glenoaks Bivd. 
SEVEN TRANSISTORS Glendale 1, California 





DITCH a. Produces Lowest Cost Trench for 


WITCH " ] TRANSMISSION LINES 





This compact, but powerful Ditch Witch offers 4- 30 HP Model K-1 
wheel drive, 4-speed transmission, adjustable shown here 

boom, many features! Digs trench up to 16” OTHER SIZE DITCH WITCH. 7 
wide, 6° deep; digs even in frost or rocky TO 12 HP, DIG UP TO 12° 
conditions. WIDE & UP TO 5° DEEP 


Manufactured by the CHARLES Machine Works, Inc. 
674 BIRCH ST. © PERRY, OKLAHOMA © CALL COLLECT: FE6-4404 


D 68 FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS, SEE READER SERVICE CARD 


9ts Now | 


Control And Line Valves 


New “Spanseal” control and line valves 
offer: “bubble tight” shut-off; versatile in- 
ternal flow configurations; low shifting 
force; small linear valve movement; 
adaptability to a wide variety of pilot 
attachments; non-interflow between valve 
ports; and good throttling characteristics. 
Control valves for 1500 psi pneumatic 
and hydraulic service and minus 40 F to 
plus 250 F temperature range are made 
up of three elements — basic valve avail- 
able in 4-way, 3-way, 2-way, diverter and 
shuttle cycles; manifold block; and inter- 
changeable attachments for low and high 
pressure, solenoid, manual and cam oper- 
ation. Uni-directional shut-off line valves 
with integral actuator are available for 
1200 psi pneumatic and hydraulic service 
and minus 40 F to plus 250 F tempera- 
ture range. Ledeen, Inc. 

Circle number (81) on reply card. 





Eliminates Pulsation Problems 


An “En Bloc” pipeline compressor 
cylinder, which eliminates separate ex- 
ternal headers and their accompanying 
pulsation problems, has been introduced. 
Suction and discharge headers open to the 
sides of the cylinders and are directly con- 
nected to the lead-in, lead-out lines. Com- 
pression losses are considerably reduced 
because valves open directly into suction 
and discharge header areas. By reducing 
internal losses, the new design achieves 
more consistent volumetric efficiency, as 
well as lower horsepower requirements 
per million cu ft of gas compressed. Pit 
or basement compressor station construc- 
tion is not required. Clark Bros. Co., One 
of the Dresser Industries. 

Circle number (82) on reply card 


Transistorized Microwave Carrier 


A completely transistorized microwave 
carrier system has been introduced which 
provides maximum reliability and effi- 
ciency for multi-channel communication, 
yet requires only “sth the rack space and 
consumes only Ysth the power of similar 
tube equipment. The MxX-106 system 
handles 600 voice channels. It uses the 
frequency division principle with single 
sideband, suppressed carrier techniques. 
Circuits are printed on card modems that 
plug into special rack-mounted card cages, 
12 modems to the cage. Standby features 
include 100% backup of any equipment 
common to 12 or more channels. Pilot 
tones provide a reference for synchroniza- 
tion, level regulation, sensing, and alarm. 
Collins Radio Co. 

Circle number (83) on reply card 


For Flow Rate At Remote Point 
A new unit — consisting of d-c tach- 
emeter generatar and panel-mounted rate 
of flow indicator — transmits electrically 
to rate of flow indicator which can reg- 
ister gal per min, bbl per hr, or percent 
of rated meter capacity. The generator, 
which may be obtained separately for in- 
stallations where proportional voltage for 
control equipment is required, is enclosed 
in explosion-proof housing with appropri- 
ate gear train and calibrating resistors. It 
can be mounted on any Smith-Erie meter. 
An outside power source is not required 
Smith-Erie Div., A. O. Smith Corp. 
Circle number (84) on reply card 
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Meet Varied Silencing Demands 

Each one of a new series of engine ex- 
haust snubbers is designed for a particular 
level of noise suppression for engines, 
blowers, compressors, and vents. The 
BMA-First Line is for critical installations 
adjacent to areas where absolute silence is 
essential. The BMB-Standard is recom- 
mended where light industry is at work 
and people working in surrounding areas 
must be considered. The BMC-Compact 
affords necessary silencing performance 
for heavy industry locations and is ideal 
for most turbocharged engine installa- 
tions. They are available from 8 through 
30-in. pipe sizes. The Burgess-Manning 
Co. 

Circle number (85) on reply card. 


Lubricates Gas Compressors 

“Meter-Pak” is a centralized lubrica- 
tion system for gas compressors, large 
diesel engines, turbines, and pumps. Safe 
remote control for use in unattended or 
“satellite” installations is provided; pneu- 
matic or electric signalling devices indi- 
cate positive delivery of lubricant. Valves 
are individually adjustable for delivery of 
from .003 to .015 cu in. of oil each time 
the system is cycled. Delivery is = 5 per- 
cent maximum over all ranges of volume 
and pressure settings regardless of oil vis- 
cosity, type, or temperature. “Meter-Pak” | 
spans 100 through 7000 psi pressures. Ale- 
mite Div., Stewart-Warner Corp. 

Circle number (86) on reply card. 
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One-Cylinder Hydraulic Dozers 

A new hydraulic package consisting of 
a single cylinder and a variable volume 
piston pump has been announced for all 
blades used on the Euclid model C-6 trac- 
tor. The Gar Wood Variacs pump delivers 
oil only when needed for raising and low- 
ering the blade .. . no oil circulates in the 
system in the hold position so there is no 
build-up of heat, thus insuring longer life 
and less loss of horsepower. When blade 
load exceeds system capacity, the pump 
stops delivery of oil and automatically 
goes into hold position. Lifting power is 
up to 7 tons greater than dual cylinder 
dozer mountings, it is claimed. Single 
cylinder mounting provides better tractor 
balance and operator visibility. Euclid 
Div., General Motors. 

Circle number (87) on reply card. 


Electronic Telemeter System 

An all-electronic telemetering system 
offers standard 2-sec cycle to provide high 
scanning speed and more sensitivity to 
rapidly fluctuating measurements. It has 
few moving parts; no mechanical cam fol 
lowers, no clutches, no mercury switches 
It requires no synchronization. Transmit- 
ter features photo-diode detector which 
scans input position in relation to a cam 
etched on glass and operates sealed dry 
switch contacts in the transmission sys- 
tem. There is no contact, hence no fric- 
tion, between arm and cam. Receiver has 
convenient plug-in components, transis- 
torized amplifier, servomotor; is insensi- 
tive to supply frequency changes. The 
Foxboro Co. 

Circle number (88) on reply card. 


Microwave Transistorization 

In a transistorized microwave package 
of new RF, multiplex, telegraph carrier, 
and alarm equipment, the only tube is a 
long-life reflex klystron in the transmitter 
of the MR-50 RF. Operating in the 6000- 
mc region— from a-c or d-c power - 
the new equipments incorporate: modu 
lar construction; etched circuit cards; and 
pull-out drawers for “in service” mainte- 
nance. MC-50 multiplex provides as many 
as 600 subcarrier channels in a bandwidth 
from 60 to 2540 ke for 4 .c channel spac- 
ing. MT-SO telegraph carrier provides 18 
frequency-shift tone channels over a single 
voice circuit and 22 channels applied di 
rectly on the baseband of a radio commu 
nications carrier — for use in teleprinter, 
telemetering, and load control. With the 
MA-50 alarm system, microwave users 
can monitor 22 remote stations for faults 
with eight points scanned at each station 
Motorola, Inc. 

Circle number (89) on reply card 


Operating Ease Featured 

A new, fully convertible crawler crane 
excavator features an air control stand 
which gives the operator synchronized 
control over the machine’s operations 
Graduated control valves actuate main 
clutches and boom hoist. Other air-con- 
trolled movements, demanding immediate 
response, are activated by poppet valves 
A built-in cigarette lighter is included in 
the cab. As a crane, the new 25-B is rated 
up to 30-ton capacity. As hoe or shovel, 
it may be equipped with 1 to 1'%4-cu-yd 
dippers. It handles buckets ranging from | 
to %-cu-yd capacities as dragline-clam 
shell. Bucyrus-Erie Co 

Circle number (90) on reply card 


FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS, SEE READER SERVICE CARD 





Jts New | 


Pipeline 
Literature 





Circular Slide Rule-Calculator now avail- 
able tells the corrosion engineer how 
much pipeline outer wrap he needs for 
any job and total cost of materials. Owens- 
Corning Fiberglas Corp. 

Circle number (91) on reply card. 


4 New Control Station publication is now 
available. It describes the type AMA 
which is designed for use in electronic 
systems to provide a visual check on 
system response and select either manual 
or automatic control functions. Republic 
Flow Meters Co. 
Circle number (92) on reply card. 





Write 
for 
Bulletin 
PIPELINE 
VENTS 


AND 
MARKERS 


AIFFI-LINE £0. 


P. O. BOX 276-A 
SHREVEPORT 
LOUISIANA 


PATENTED 











M-SCOPE 
PIPEFINDERS 


DEPENDABILITY! 


Rugged transistorized construction 
practically eliminates maintenance 
costs...extends battery life to a year 
or more. Pinpoint accuracy, greatest 
depth penetration make the M-scope 
first choice in the field! Only $189.50 


Send for FREE catalog 


Fisher RESEARCH LAB., INC. 


DEPT. CM-1, PALO ALTO, CALIF. 


D-70 


“How To Buy A Ball Valve” is a 6-pager 
enumerating the eight important valve 
features for which a ball valve buyer 
should look. Hydromaiics, Inc. 

Circle number (93) on reply card. 


Bitumastic Primers, Enamels bulletin 
includes a color-coded “Enamel Selector” 
as an aid in selecting correct protective 
coating system for specific ranges of field 
conditions. Koppers Co., Inc. 

Circle number (94) on reply card. 


Parts Assembly Exchange Program offered 
by Caterpillar dealers is explained in a 
new 8-page booklet entitled “Avoid Delay 
the Modern Way.” Caterpillar Tractor Co. 
Circle number (95) on reply card. 


For Oil Storage Tanks and other metal 
vessels is a cold-applied, spray-on cork 
insulation that, applied as a coating, pro- 
vides heat insulation, condensation re- 
sistance, corrosion prevention and pro- 
tection against weather. A 4-page bulletin 
includes information on use, composition 
and method of application, and instruc- 
tions for calculating the amount of prod- 
uct required. Witco Chemical Co., Inc. 
Circle number (96) on reply card. 


Quickly-Connected Line Pipe designed to 
withstand working pressures up to 1000 
psi... Speedline ...plain-end, thin-wall 
steel pipe which is easily laid by one or 
two men for temporary gas, water, and 
emergency lines...is the subject of a 
new bulletin. Continental-Emsco Co. 
Circle number (97) on reply card. 


“How Walworth Puts The Roll In Rolo- 
tork” (the lube valve which utilizes a ball 
bearing system to handle high-pressure 
line thrust on the plug) is told in a new, 
2-color, 16-page brochure. Walworth Co. 
Circle number (98) on reply card. 


Operational and Design Features high- 
light a new 6-pager on “VeePac” packaged 
compressors for gas gathering, repressur- 
ing, and gas transmission (small pipe- 
lines). Clark Bros. Co., One of the Dresser 
Industries. 

Circle number (99) on reply card. 


V-Type, 4-Cycle Engines currently setting 
performance records under severe sus- 
tained-horsepower operation demands are 
featured in a new 4-pager. It gives full 
description of fuel systems and major 
design features of the 12 or 16-cylinder 
supercharged LSV engines and describes 
the turbocharger used. The Cooper- Besse- 
mer Corp. 
Circle number (100) on reply card. 


Determining Pressure Drops for all types 
and sizes of Rockwell-Nordstrom lubri- 
cated plug valves, including Venturi types, 
is covered in section 1 of a newly-revised 
bulletin, with general instructions on how 
to use data from accompanying pressure 
drop tables. Section 2 offers a rapid 
method of estimating pressure drop 
through Venturi type valves. Corrections 
for different conditions of gas and liquid 
flow can be computed from examples 
given at the end of this section. Nordstrom 
Valve Div., Rockwell Manufacturing Co. 
Circle number (101) on reply card. 


FOR FURTHER INFORMATION ON 
ADVERTISED PRODUCTS SEE READER SERVICE CARD 


Fuel Problems In Remote Areas? A bul- 
letin has been issued describing a portable 
crude distillation unit designed to process 
200 bbl per day (35 gravity or higher) 
into gasoline, diesel fuel and residual fuel 
oil. The entire plant can be transported 
on two trucks and can be set up and 
operating within 24 hours after reaching 
destination. Williams Brothers Co. 
Circle number (102) on reply card. 


Circular Chart Changer .. . the Automatic 
Meterman ... is described in a new 
4-pager as a method for utilizing as many 
as 40 circular charts in a single recorder. 
It disengages the charts, one by one, at 
pre-selected times, and drops them by 
gravity into a self-contained storage box. 
Any number of recorders can be changed 
at the identical moment. Maeder-Squier 
Co. 
Circle number (103) on reply card. 


Check List for microwave tower inspec- 
tion and maintenance is presented in a 
handy pocket-sized booklet. In two edi- 
tions, English and Spanish, it points out 
what to look for, how to detect, and repair 
or replace that which inspection shows 
needs correction. A routine maintenance 
program also is outlined. Tower Con- 
struction Co. 
Circle number (104) on reply card. 


New BS&W Monitor for LACT instalia- 
tions features new plug-in chassis which 
is installed directly on the capacitance 
probe assembly. This simplifies installa- 
tion by eliminating need for separate 
mounting and interconnecting cables. 
This and other features are described in 
a new bulletin. Jnstruments, Inc. 
Circle number (105) on reply card. 


A Slide Rule, offered along with a 3-color, 
22-in. by 34-in. wall chart, gives equip- 
ment design engineers and purchasing 
agents finger-tip selection of more than 
345 styles of control knobs. Raytheon Co. 
Circle number (106) on repiy card. 


“Line Pipe” covers A. O. Smith processes 
. from pickling, through precision form- 
ing and flash welding ... gives tables of 
sizes and weights . _and typical illustra- 
tions of field installations. A. O. Smith 
Corp. 
Circle number (107) on reply card. 


For Use As Signal Source —in con- 
junction with master meters or pipe type 
provers, blending applications, and valve 
positioning — is a new “D” tachometer 
transmitter. It mounts on the meter 
between adaptor and counter. New litera- 
ture describes its features. Smith-Erie 
Div., A. O. Smith Corp. 
Circle number (108) on reply card. 


Mannesmann Manual...in two separate 
volumes ...of interest to all pipe users. 
Part 1 of the first volume deals with 
questions relating to materials, manufac- 
ture, and acceptance tests; Part II, chiefly 
abridged tables giving details on the var- 
ious designs. The second volume contains 
API tables covering all applicable types 
and sizes of pipe. Mannesmann-Export, 
G.m.b.H. 
Circle number (109) on reply card. 


Guide To Fittings, Flanges — 32-pager 
cataloging a complete line of ells, returns, 
branch connections, other types of fittings, 
flanges, and headers, and giving pressure 
ratings and pipe dimensions. Midwest Pip- 
ing Co., "nc. 

Circle number (110) on reply card. 
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SAFER, SURER 
FLUID SAMPLING 


LANE-WELLS 


‘ 


FORMATION TESTER 


@ Complete film record of hydraulic, 
formation and hydrostatic pressures. 


UTA 


lies 


All valves operated electrically from 
surface. 


Two equalizer valves for positive release. 


Two part sampling for accurate 
interpretation with safety. 


The Lane-Wells wire line Formation Tester obtains 
both formation fluid samples and valuable pressure data 
with a new level of safety never before possible. 

This tool may be used at any time during drilling. 
It is positioned by correlation with an SP curve. After the 
sealing pad and back-up shoe are set and held by hy- 
draulic pressure, access of the formation is obtained by 
means of a Koneshot charge. 

When the sample is obtained and sample chomber 
closed, the pad is retracted by releasing hydraulic pres- 
sure, the tool withdrawn and sample transferred through 
high pressure hose to a calibrated separator and gas 
meter. The measured quantities of fluids and gas provide 
an index to the production potential of the formation 
tested. 

A complete film record of hydraulic pressure in the 
sealed section, formation flowing and shut-in pressures 
and hydrostatic pressure of the borehole fluid provide 


al 
x 
oa 
“e!} 
14% 
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additional valuable information. 


OS SST pte ateentf 


LANE-WELLS CoO. 


HOUSTON TEXAS 
LOGGING -PERFORATING PACKERS BRIDGING PLUGS 
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Get the extra protection 


of Hughes Hash-Welded 
High Strength Pipe 


An increasing number of operators, seeking max- 
imum dependability for their deep well drilling 
strings, are running High Strength pipe unitized 
by the new Hughes Flash-Welding process. 


Developed by Hughes, the new process is pro- 
ducing tool joint to high strength pipe con- 
nections capabie of withstanding tremendous 
tension-impact loads. This was proved in a 
series of drop tests, which, in impact loading, 
far exceeded the severest conditions encountered 
in the field. In these tests, the “Flash-Weld” 
connections were subjected to axial impact en- 
ergy of more than 400,000 foot pounds. Not a 
single failure occurred. 


If you are planning to drill extra deep wells, get 
the protection offered by High Strength pipe 
unitized with Hughes “Flash-Weld” tool joints. 
Hughes Flash-Welding is now in its 23rd year. 
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